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pattern  but  have  not  kno^ATi  the  reasons  bac^c  of  climatic  peculi- 
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narrative  portion  provides  a  very  interesting  evening's  reading 
and  the  appendix  contains  valuable  information  for  both  the  farm 
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CERTAIN  H7DR0L0G1C  rJ^D  CLIMATIC  ClIARAO lERISTICS  OF  IKE 

S0UTIIVE3T  PJiGIOi: 


Engineering  technicians  and  clhers  conceriied  vitb  the  problems  involved  ir 
or  related  to  rainfall  have  more  often  than  net  considered  the  erro.tic  na- 
ture and  distribution  of  precipitation  in  the  Southvest  as  an  inexplicable 
phenomenon.     Variations  in  normal  intensity  patterns  and  total  precipita- 
tion from  one  locality  to  another  have  been  dismissed  as  v/hims  of  na'cure 
or  many  times  given  no  consideration  v.'hatever.    As  time  passes,  hoyrever, 
more  complete  v;eather  data,  coupled  with  iaetoci'ological  investiga-c ions , 
are  indicating  that  ordinarily  the  nature,  quantity,  and  distribution  of 
precipitation  peculiar  to  a  ^ivsn  locality  does  not  ".just  happen,"  but  is 
the  result  of  rathei'  definite  and  orderly  meteorological  reactions.  Given 
an  elementary  understand ing  of  meteorology,  the  planning  technician  should 
be  better  acquainted  ^vith  the  reasons  for  the  "•.•;eather"  prevalent  in  his 
area  and,  consequently,  trends  in  the  frequency  and  intensify  of  storm 
rainfalls.     For  this  reason,  a  bi'ief  discussion  of  certain  meteorological 
principles  and  reactions  is  includod. 

The  continuity  and  hoi'mt  of  the  Roclo/  Mountains  are  such  that  the  m.eteor- 
ological  characteristics  of  those  parts  of  Region  6  lying  to  the  east  and 
Tvest  of  this  barrier  can  bo  said  to  differ  Viddely,  considering  very  broad 
and  general  climatological  trends.     For  the  sake  of  brevity  i'3f.>rence  will 
hereafter  be  made  to  the  "eastern"  and  "ive  stern"  zones  of  the  Region,  v:ith 
the  Rockies  their  line  of  domarkation.     Figure  1  in  the  Appendix  sho-7S 
this  general  subdivision. 

In  order  to  clearly  differentiate  between  cemponen"^  parts  of  this  discus- 
sion, the  several  topics  are  given  under  separate  neadings,  the  first  of 
which  concerns  the  normal  movement  of  air  masses. 

AIR  MASS  MOV^dEHTS 

Of  utmost  importance  in  the  consideration  of  pre cipitiit ion  ^jxpectancy  is 
the  source  and  normal  directional  movement  of  air  masses  as  thev  invade 
this  Region.     Thornthwaito  1/'    and  others  state  that  there  are  five  prin- 
cipal source  regions  of  air  contributing  to  the  climate  of  the  Southwest. 
Tliese  are  as  follows:     1.  Cold,  dry,  Pclar  Continental  (Canada  and  north- 
ward);   2.  Cool,,  mioist.  Polar  Pacific  (northern  Pacific  Ocean);     3*  Hot, 
dry.  Tropical  Continental  (Mexico,  extreme  southwestern  United  States); 
[4.  V.'arm,  moist.  Tropical  Gulf  (Gulf  of  Mexico  and  Caribbean);  and  5 •-'a^'n^* 
moist.  Tropical  Pacific  (southern  Pacific  Ocean). 


1/  Thorntm-'a ite ,  C.   ''arren  and  Others.     "Climate  and  Accelerated  Erosion 

in  the  Arid  and  Semi-Arid  Southwest,  etc." 


The  weather  at  any  given  place  may  be  influenced  in_in'^"''y  ways  by  these  vari- 
ous air  masses;  however,  the  conoensus  appears  to  os  ti^ux,  somewhat  normal 
directional  movements  exist  durixie;  the  various  seasons. 

Jn  the  western  zone  the  sumjner  type  of  storm  usually  develops  as  moist,  warm. 
Tropical  Gulf  air   invades  southern  Arizona  from  Old  Mexico,  moving  north  and 
northeastward  into  northern  Arizona,  New  Mexico,  Colorado,  and  Utah.  At* 
times  Tropical  Pacific  masses  move  from  the  southwest  or  west,  following  a 
more  or  less  sinilar  routs.     The  effect  of  topographic  barriers  is  such, 
riovi'sver ,  that  the  weather  of  the  eastern  zone  is  not  often  influenced  by 
>ulf  air  moving  in  such  a  circuitous  path  nor  by  the  Tropical  Pacific  mas- 
ses.    As  a  result,  sum^iier  storms  of  this  are.;,  ordinarily  occur  as  moist, 
warm  air  moves  m.ore  directly  from  the  Gulf  of  llexico.     Th-e  location  of  west- 
ern New  Mexico  and  southwestern  Colorado  with  respect  to  these  directional 
.Tiovements  of  air  is  such  that  the  summer  storm,  in  these  localities  may  be 
derived  from  either  source.     The  characteristic  movement  of  such  air  masses 
In  summer  is  also  shoira  in  figure  1. 

During  the  winter  months  precipitation  primarily  occurs  as  moist  Polar 
Pacific  air  invades  the  western  zone  from  the  north,  northwest,  or  v:est. 
Ihe  precipitation  of  eastern  ITew  Mexico  and  Colorado,  however,  is  still 
primarily  influenced  by  the  invasion  of  moist  air  from  the  Gulf  of  Mexico. 
As  in  the  case  of  sumjner.  stox^ms,  western  I'Tew  Mexico  and  scuthv/estern  Colo- 
rado also  may  receive  invasions  of  air  from  the  east  or  southeast.  Figure  1 
shows  the  general  pattern  of    winter  air  mass  movements. 

The  remaining  air  mass  types.  Polar  -Continental  and  Tropical  Continental, 
are  of  significance  only  as  they  influence  the  v.'eather  through  reaction  '•:ith 
other  air  m.asses,  or  as  they  prevail  during  a  particular  period. 

Tropical  Continental  air  is  developed ' over  the  Southwest  from  the  heating 
of  an  air  mass  present  in  the  area  that  has ^largely  lost  its  original  char- 
acteristics.    The  weather  during  such  periods  is  characterized  by  high  tem- 
peratures, lo"!";  humidity,  and  an  almost  complete  lack  of  precipitation.  In 
Arizona  and  western  Kev;  Mexico  Tropical  Continental  air  is  particularly 
prevalent  during  late  spring  and  early  summer. 

Durin?  the  winter  months  Polar  Continental  air  mav  invade  the  Southwest 
from  the  north  or  northeast.     Such  invasions  are  often  char.-^cter ized  by 
intense  cold  and  sustained  periods  of  cold  weather.     If  moist  air  miasses 
are  present  in  the  area  vjhen  these  invasions  occur,  precipitation  may  result 
from  the  interaction  of  cold  and  warmer  air.     The  extreme  dryness  of  Polar 
Continental  air,  hov<ever,  usually  precludes  'che  occurrence  of  precipitation 
unless  other  sources  of  moisture  are  available. 

The  foregoing  discussion  does  not  presuppose  that  the  weather  during  a  given 
■'ear  will  conform  to  certain  patterns.     In  drawing  conclusions  it  must  be 
l.ept  in  mind  that  the  prevalence,  diroctional  movement,  and  characteristics 
of  air  masses  follow  no  defined  path  during  winter  or  summer.     Polar  Pacific 
^'.ir  may  invade  the  eastern  zone  at  any  time  and,  conversely.  Tropical  Gulf 
■:::,sses  may  be  found  in  the  ivestern  zone  during  the  winter  months.  Reference 
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has  boon  made  to  thes^  phenonen*?,  only  as  thoy  ncrnclly  prodomincto  during 
a  particular  soason.     Such  prGdoniinanrjo  is  most  certainly  the  pravailing 
influenco  on  the  weather  at  any  given  location. 

3T0.?i.:  TYPES 


Intorrolated  v/ith  air  rnass  movamonts  in  the  Southr/cst  aro  four  coirmon 
typos  of  storirs.     ITio  following  discussion  briefly  dalinoatos  tho  causss 
and  charactoristics  of  oach: 

Condensation  of  moisture  is  obviously  tho  basic  principle   involved  in 
precipitation.     Tho  s":udjnt  of  elemontary  p:aysic3  is  avaro  that  condensa- 
tion results  from  the  cooling  of  moist  a:"r  to  r.  temperature  belov/  yhich 
water  can  no  longer  remain  in  a  gaseous  rtate.     The  predominating  storm 
types  v/hich  result  in  r.-u^h  cooling  and  consequent  precipitation  aro  four  — 
convective,  orographic  uplift,  lift  convuctive,  and  convergence. 

Convective; 

During  the  sumoier  mcn~hs  air  is  often  heated  at  or  near  the  ground  surface 
to  a  degree  such  that  it  ris^s  convoctiv^ly  through  the  overlying  air.  As 
tho  heated  air  ascends,  the  decreasing  pressure  allows  expansion  of  this 
mass  with  consequent  cooling  and  condonsat ion.     As  droplets  form,  the  la- 
tent heat  of  condensation  retards  the  ratu  of  cooling  and  further  altitude 
is  gained;  thus  additional  cooling  and  condensation  occurs,    "''■hen  drops  of 
moisture  reach  sufficient  size  to  overcome  the  rising  air  current,  rain- 
fall begins.     The  foregoing  explanation  of  convect ive-type  storms  requires 
the  presence  of  moist  air  and  a  continuous  replacement  of  loist  air  as 
rainfall  occurs.     Blair  2/  states  that,  were  the  air  completely  saturated 
over  a  given  place  but  no  replacement  occurred,  it  would  not  normally  con- 
tain enough  moisture  to  make  more  than  one   inch  of  rain.     This  type  of 
storm,  predominantly  a  suirmer  phenomenon,  is  characterized  by  very  high 
rainfall  intensities  of  short  duration  occurring  over  rather  limited  areas. 
Although  rainfall  may  occur  at  many  locations  on  a  given  day,  there  is 
little  conforFiity  in  either  rates  or  amounts  t.^^t  may  occur  at  two  differ- 
ent places  since  very  localized  atmospheric  conditions  are  the  predomina- 
ting factors  involved.     The  presence  of  a  supply  of  moist  air  over  com- 
paratively large  areas  explains  the  coincidence  of  comparatively  isolated 
rainfall  during  certain  periods. 

Convect ive-t^^pe  storms,  the^'efore,  do  not  ordinarily  produce  rain  of  a 
general  nature  nor  is  their  influence  of  particular  note  when  considera- 
tion of  peak  discharges  from  larger  wrtBrsheds  are  concerned.     They  aro 
of  utmost  importance,  however,  in  the  production  of  maxim.um  runoff  from 
v.-atersheds  of  10  square  miles  or  less  or  from  portions  of  large  watersheds. 


2/    Elair,  Thomas  A.  "'■"eather  Elements. 


Although  ths  co::V3ction  storm  is  not  unccainon  during  an-  season  cf  the  year, 
the  absence  of  intense  heating  during  winter  rainiiaizes  the  danger  of  floods 
resulting  from  this  storm  type  during  that  period  of  ths  year. 

Orographic  Uplift: 

As  moist  winds  meet  topographic  barriers  and  are  forced  upr'ard,  the  mechan- 
ical lift  results  in  coolingj  condensation,  and  precipitation.     This  storm 
type  is  not  normally  characterized  by  extrer;.ely  intense  precipitation  and 
ordinarily  has  little  influence  on  the  production  cf  flood  flov^s  from 
oither  small  or  large  watersheds  unless  occurring  in  con~uncticn  \'-ith  other 
meteorological  reactions  or  at  points  of  rather  abrupt  changes  in  topography. 
The  frequency  and  durs-tion  of  these  storms,  hor/e'/er,  are  such  that  they  are 
the  predominating  factor  in  the  characteristic  rise  of  annual  precipitation 
with  elevation. 

Lift  Convective: 

Tae  preceding  discussions  have  considorc-d  the  uplift  and  ccnvactive  type  of 
storms  as  more  or  le^s  separate  entities]  i.e.,  the  former  as  it  occurs  in 
the  absence  of  intense  hea'rirg  and  the  latter  as  not  necessarily  being  in- 
fluenced by  topograph^^     Cons idor'iblG  evidence  is  accumulating,  however, 
toward  the  conclusion  that  a  third  type  of  storm,  herein  termed  lift-convoc- 
tivc,   (for  want  of  a  better  name)  often  occurs  in  association  with  abrupt 
topographic  barriers  or  changes.     Unfortunately,  little  is  kncvn  as  to  tho 
mechanics  of  this  storm  type,  yet  observations  and  records  continue  to 
point  toT/ard  its  existence:     It  is  probable  that  heat  differentials  found 
in  conjunction  with  the  mechanical  lifting  or  turning  or  funnoling  of  air 
results  in  much  heavier  precipitation  than  ordinarily  will  be  found  in 
either  the  uplift  or  .convective -typo  storm  alone.     It  is  in  fact  not  un- 
likely that  at  or  near  sudden  changes  in  topography  the  characteristic 
rainfall  intensities  will  far  exceed  those  normally  oxpuricnced  elsev.horo 
in  the  vicinity. 

Convergence  % 

The  meaning  of  the  term,  "convergence"  as  herein  used  is  neither  that  in 
popular  meteorological  use  today  nor  does  it  strictly  agree  with  its  defi- 
nition.    For  the  sake  of  simplicity,  hovrever,  and  to  serve  a  purpose  in 
this  discussion,  it  is  used  to  cover  the  general  storms  not  resulting  from 
orographic  uplift.     It  can  also  be  interpreted  as  a lying  to  immediate  or 
subsequent  reactions  when  air  masses  of  dissitnilar  characteristics  meet  or 
override  one  another  or  when  air  converges  tovv^ara  a  center  and  is  forced 
upward. 

Among  these  storm- types  frontal  activity,  overrunning,  and  convergence  of 
winds  tovrard  a  central  point  are  probably  the  most  comanon. 

The  first,  fro::ital  activity,  occurs  v;hen  moving  cold  or  Y.'arm  air  masses 
invade  areas  where  the  air  is  of  a  different  temperature.     The  plane  of 
contact  and  area  of  precipitation  is  kno-vm  as  a  cold  front  in  the  first 
instance  and  a  warm  front  in  the  latter.     In  both  cases  the  cooling  cf 
moict  air  is  the  cause  of  precipitation. 
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The  second  commGn  type  cf  general  storm  results  from  the  overrunning  of 
cold  air  at  high  levels  over  areas  -v.-he-'j  the  air  is  wcrra  and  moist.  This 
results  in  steep  temperature  gradients  and  pro/.iotes  conve.'ctix'e  action  over 
extensive  areas.  .  ■ 

The  mechanics  of  precipitation  in  the  third  instance  is  evident  from  its 
description. 

The  coiivorgonce  type  of  storm  may  occur  during  any  season  of  the  year. 
During  the  late  spring  ^   summer,  and  fall  months,  howover,  the  presence  of 
very  moist  air  and  greater  heat  differentials  increases  the  likelihood  of 
heavy  precipitation  periods  and  resultin-^,  flood  i'Icts.  Characteristically 
those  storms  are  not  of  exceptionally  high  inter.sloy  unless  associated 
with  localized  convectiva  action;  yet  intensities  may  be  heavy  and  sus- 
tained resulting;  in  high  discharges  from  large  v/ater oheds .     In  fact,  more 
often  than  not  this  storm  type  is  the  predominating  cause  of  such  floods. 

QU/JITITY  AND  DISTRIBUTION  OF  PPEClFITi.TIC:T 

In  the  preceding  pages  a  brief  explanation  has  been  given  as  to  the  causes 
and  characteristics  of  the  various  storm  typos  and  the  normal  movsm.ents  of 
air  masses  from  vhich  such  storms  are  corived.     For  practical  application 
of  this  information  certain  logical  assuoiptions  can  be  made  as  to  the 
probable  influence  of  such  features  as  topographic  relief,  changes  in  ele- 
vation, location  with  respcjt  to  storm  movements ,  etc.,  on  the  quantity, 
distribution,  and-  intensity  of  precipitation  of  a  givon  locality. 

Characteristic  Annual  ijnounts: 

TiA'o  prodomiriat ing  factors  contribute  toward  tho  total  annual  precipitation 
a,t  a  given  place;  ( 1)  Elevation,  and  (2)  Location  with  respect  to  tho 
source  and  normal  directional  movements  of  moist  air  masses. 

The  topographic  complexity  of  Region  6  obviously  prohibits  a  delineation 
of  areas  or  zones  rhe:"?,  due  to  prevailing  elevations,  the  precipitation 
will  total  a  given  amount,     ^uch  quantities  may  change  -  greatly  over  com- 
paratively short  distances  and  although  generally  the  total  annual  precipi- 
tation rises  wizh  elevation,  such  is  not  al%vays  the- case.     Normally,  how- 
ever, a  logical  reason  for  the  characteristic  rainfall  in  a  given  locality 
can  be  found  if  the  technician  v>dll  attempt  to  reconcile  existing  condi- 
tions with  the  information  outlined  in  the  preceding  part  of  the  discussion. 

Table  1  in  the  Appendix  contains  a  list  of  selected  stations  and  comments 
as  to  the  probable  reason  for  the  characteristic  annual  precipitation  at 
each  station  and  at  times  the  cause  of  differences  in  precipitation  at 
stations  of  more  or  less  equal  elevation.     Such  reasoning  may  often  be.  of 
assistance  when  it  is  desired  to  detemine  the  average  precipitation  in 
locations  where  raingage  records  are  not  available. 

Figure  2  also  sho-woi  in  the  Appendix  has  been  devised  as  a  general  guide  to 
the  technician  lAhen  precipitation  in  general  locrlities  is  being  consid- 
ered.    The  fact  that  the  average  annual  precipitation  m.ay  change  greatly 


o 


ivithin  a  fev  milos  and  that  rainfall  rocords  are  very  scarce  ^"-ithin  the 
Region  obviously  prohibits  the  delineation  of  isohyetols  to  a  degree  of 
accuracy  that  would  permit  the  selection  of  annual  amounts  peculiar  to  one 
particular  city.     The  technician  is  advised  therefore  not  to  introduce  an 
accuracy  that  dees  not  exist.     The  figure  should  prove  useful^  however,  if 
quick  reference  is  needed  to  the  average  precipitation  of  any  portion  of 
the  Region.     For  more  concise  data  the  technician  is  referred  to  publica- 
tions of  the  U.  S.  'Veather  Bureau,  all  of  which  can  h.3  found  at  the  Depart- 
"^ental  Library  in  Albuquerque. 

Jharact'erist ic  Distribution: 

The  distribution  of  precipitation  at  a  given  place  also  is  influenced  by 
its  location  with  respect  to  air  mass  sources,  directional  movements,  and 
the  presence  or  absence  of  topographic  barriers  betv/een  source  regions  and 
the  locality  under  consideration.     For  example,  the  seasonal  precipitation 
(April-September)  at  Clevis,  Hew  Mexico,  amounts  to  73f->  of  the  yearly  pre- 
cipitation; yet  at  Salt  Lake  City,  Utah,  this  percentage  is  14)4.     The  former 
location  is  closer  tc  the  source  of  the  siimmer  air  masses  (Gulf  of  iviexico) 
and  few  barriers  of  consequence  are  present  to  deplete  the  supply  of  mois- 
ture.    Inasmuch  as  very  little  precipitation  is  received  from  Polar  Pacific 
air  during  the  sumaner  month?  and  the  latter  city  is  much  farther  removed 
from  the  source  region  of  Tropical  Gulf  air,  the  percentage  of  yearly  pre- 
cipitation occurring  from  .ipril  to  September  is  much  lower.     The  charactor- 
istic  movement  and. times  of  more  frequent  invasion  result  in  the  following 
general  distribution  patterns:     iTote:  The  ensuing  discussion  refers  primar- 
ily to  the  seasonal  precipitation  as  it  is  characteristic  to  the  extensive 
areas  below  8,000'.     The  amounts  and  times  of  occurrence  of  precipitation 
at  .higher  elevations  often  bear  little  resemblance  to  those  elsewhere.  Ref- 
erence to  figure  1  mil  show  that  the  extent  of  such  areas  is  very  limited. 

Eastern  Zone: 

During  the  spring  .and  summer  months  this  area  receives  a  very  high  percent- 
age of  the  total  annual  precipitation.     This  is  due  to  its  proxim.ity  to  the 
source  of  Gulf  air  v.hich  is  active  at  these  tim.es.     The  fall  and  winter 
months,  however,  reflect  the  influence  of  barriers  to  the  wast  and  are  very 
dry  as  compared  to  other  portions  of  the  year.     Such  a  situation  is  of 
course  conducive  to  tho  maximum  utilization  of  annual  precipitation  for 
vegetative  growth.     Although  the  entire  area  receives  favorable  precipita- 
tion, the  seasonal  portions  generally  decrease  from  east  to  west.     Figure  2 
in  the  Appendix  shows  this  general  pattern. 

''."'estern  Zone — Now  Mexico  and  Colorado: 

Continuing  wostivard  fromi  the  Rocky  Mountain  barrier  the  trend  continues  to- 
ward decreasing  proportions  of  the  annual  pr-cipitation  occurring  in  the 
spring  and  summer.     The  greater  influence  of  Polar  Pacific  air  and  lesser 
influence  of  Gulf  air  tends  tc  more  evenly  divide  the  year's  precipitation. 
This  reduction  in  directly  useful  moisture  in  spring  and  summer  and  the 
-lormally  low  annual  precipitation  results  in  a  marked  contrast  between 
vegetative  characteristics  of  this  area  and  those  of  the  Eastern  Zone. 
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"g stern  Zone — Arizona 

Tho  unusual  position  of  this  state  v/ith  regard  to  sources  and  movements  of 
moist  air  masses  results  in  a  rather  complex  distribution  pattern,  ''''hereas 
it  might  bo  thought  from  the  trjnds  mentioned  heretofore  that  the  amount 
of  v/inter  precipitation  continues  to  rise  (as  comp'^.red  v.'ith  that  during 
the  spring  and  summer  months)  the  movement  of  Gulf  air  m.assGs  from  the 
south  during  summer  alters  the  picture  considerably. 

The  greater  port  of  Arizona  has  tv;o  rather  distinct  ra  iny^aeason,  one 
during  Dec. -Feb.,  and  the  other  during '  July-Sept .     c;Tiith  21   states  that 
these  two  periods  account  for  78?^  of  the  year's  precipitation.     This  is 
due  to  the  activity  of  Polar  Pacific  air  in  the  first  instance  and  Gulf 
air  in  tho  latter.     The  contrast  between  this  area  and  the  others  T'rithin 
the  Region  can  be  explained  as  follows: 

During  the  transitory  months  of  March-June  Polar  Pacific  air  is  greatly 
lessened  in  activity  while  invasions  of  Gulf  air  have  not  begun.  During 
August-Kov.  the  invasions  cf  Gulf  air  are  diminishing  in  intensity  and  are 
lass  frequent  and  the  activity  of  Polar  Pacific  air   is  not  great.     In  this 
connection  it  is  intc r •^st iiig  to  note  that  although  Gulf  air   is  active  dur- 
ing April-June  ii  the  Eastern  Zone,  the  masses  do  not  begin  their  trek 
into  Mexico  and  .lorthiv  \rd  until  very  late  June,  or  early  July. 

Tlie  southcentrrl  part  of  Arizona,  a  point  of  invasion  of  Gulf  air, although 
normally  dry  during  ;-.pr  il-June ,  receives  such  amounts  of  rainfall  during 
the  summer  months  that  seasonal  percentages  are  higher  than  at  any  other 
points  of  similar  latitude.     The  proportion  of  rain  occurring-;  during  the 
summer  months  alone  equals  and  at  times  exceeds  those  recorded  in  the 
Eastern  Zone.     Such  a  situation  is  cf  course  conducive  to  excellent  stands 
of  grasses  but  not  to  the  dry  land  production  of  crops. 

Moving  northward  from  Mexico  the  trend  is  tovrard  decreasing  summer  omounts 
with  the  influence  of  Polar  Pacific  invasions  shov/n  in  the  central  part  of 
the  state.     Apparently  the  combination  of  topographic  features  and  the 
eastrmrd  movement  of  Polar  Pacific  air  up  the  Salt  Kiver  Valley  results  in 
an  unusual  amount  of  lifting  with  corresponding  winte:'  precipitation  peri- 
ods.    The  lines  of  equal  percentages  of  seasonal  rainfall  (figure  2)  will 
indicate  a  marked  distortion  in  this  area  and  in  an  entirely  different 
direction  from  those  in  southern  Arizona. 

Although  certain  trends  in  summer  rainfall  may  be  noted  in  northern  Ari- 
zona the  complex  topography  and  location  of  the  area  ^ith  respect  to  air 
mass  move.iit^nt  resuRs  in  a  more  or  less  equal  distribution  between  the 
spr  ing- sui.mer  ,  and  fall-winter  months. 


3/    Smith,  H.  V.  "Climate  of  Arizona." 


T'e stern  Zone — Utah 

Large  areas  of  extreme  northwestern  New  Mexico,  northeastern  Arizona,  and 
eastern  Utah  are  surrounded  in  all  directions  by  lands  of  much  higher  ele- 
vation.    This  results  in  characteristically  low  precipitation  and  at  times 
freakish  distribution.     As  in  the  case  of  northern  Arizona,  seasonal  pre- 
cipitation is  appr oximatelj'-  equal  to  that  during  the  remainder  of  the  year. 
Ihe  normally  low  annual  totals,  however,  Y/hen  cut  i.i  half,  leave  very  small 
c uant  it  ie  s  for  vego ta t ive  gr  owth . 

The  precipitation  of  central  and  western  Utah  again  svrings  toward  greater 
quantities  of  winter  and  less  seasonal  precipitation.     As.  the  source  of 
Polar  Pacific  air  is  nearer,  however,  the  extremely  dry  spring  character- 
istic to  Arizona  is  not  in  evidence.     In  fact  considerable  quantities  of 
precipitation  occur  in  April  and  May,  although  June  ordinarily  is  the  dry- 
est  month.     This  additional  moisture,  howev-^r,  although  of  benefit  in 
starting  vegetative  gro-';uth,  is  somewhat  obviated  by  low  rainfall  during 
the  months  of  June-Sept,   inclusive.     It  is  interesting  to  note  that  I'Aiereas 
southern  Arizona  receives  very  little  rracipitst ion  during  April,  llay,  and 
June,  and  often  range  grasses  make  no  growth  prior  to  July,  the  character- 
istic heavy  rainfall  during  summer  is  sufficient  to  mature  vegetation.  On» 
the  other  hand>  in  Utah  there  is  sufficient  Tdnter  and  spring  moisture  for 
winter  wheat  and  wheat  grasses  and  certain  otnor  bunch  grasses  bux  the  dry 
summer  m.onths  arc  not  concacive  to  the  maintenance  of  grasses  such  as  the 
grama.     These  statements  presuppose  a  lack  of  irrigation  ^vater  sunply  and 
do  not  pertain  to  high  mountain  areas  where  the  prec ip it?.ticn  is  usually 
sufficient  the  year  round  to  produce  good  vegetation. 

Kote:     The  precautions  outlined  heretofore  concerning  the  literal  use  of 
precipitation  data  contained  in  figure  2  are  also  applicable  to  the  infor- 
mation concerning  rainfall  patterns.    Many  discrepancies  in  localities  over 
the  Region  co.n  be  found  and  the  lines  of  equal  seasonal  precipitation  per- 
centages follox";  no  hard  or  fast  courses.    ""A"ere  additional  precipitation 
data  available,  it  is  likely  tnat  both  "isos"  shovm.  on  figure  2  would  be 
drawn  somewhat  differently.     The  technician  is  again  referred  to  '.■.eather 
Bureau  for  concise  data  as  to  the  distribution  pattern  at  a  given  locality. 

INTENSITY  CHARACTERISTICS  OF  :^c.-.GION  6 

Relation  of  Intensities  to  Mrjor  Changes  in  Elevation: 

Brancato  ^  has  suggested  that,  contrary  to  common  belief,  greater  amounts 
of  precipitation  from  individual  thunder storm.s  are  likely  to  come  from 
those  occurring  over  low- lying  areas  than  from  storms  at  higher  elevation 
in  the  same  locality.     As  moist  air  moves  over  relatively  low,  flat  areas 


i_V  Brancato,  George  N.  "The  Meteorological  Behavior  and  Characteristics  of 
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toward  mountainoi^s  country,  precipitation  may  occur,  and  it  is  evident  that 
the  total  moisture  content  is  decreasingly  less  as  the  air  continues  forward. 
The  absence  of  uplift  in  the  flat  areas  is  not  conducive  to  frequent  rainfall 
periods,  however,  and  lifting  as  it  occurs  over  t>-e  mountain  has  the  opposit 
effect.     Such  a  situation,  therefore,  results  in  a  normally  high  intensity 
and  low  frequency  of  precipitation  over  the  lovz-lands  with  decreasing  inten- 
sity and  increasing  frequency  as  m.oist  air  is  forced  ur?.7ard  into  the  higher 
elevations.     Intensities  in  mountainous  areas  pro'oably  are  influenced  also 
by  a  change  in  f^ie  lieat  differentials.    Available  data  concerning  precipitr.- 
tion  and  rimoff  in  the  Southwest  thus  far  have  r.ateriallv  substantiated  this 
hypothesis,  altliough  it  must  be  realized  that  exceptions  can  be  found.  Thus 
in  high,  m.ountainous  country,  the  normal  precipitation  during  sumr;ier  occurs 
in  the  form  of  very  frequent  rainfall  periods  of  possibly  hea.-'ry  but  not 
excessive  intensities  a/hile  in  the  lovz-lying  areas  the  characteristic  rain- 
fall is  of  much  higher  intensity  but  occurs  less  frequently. 

Characteristic  Intensity  Frsquencies: 

U.  S.  D.  A.  D'iisce llaneous  Publication  To,  204  ^-    contains  a  summary  of  rai:'- 
fall  intensity  frequencies  for  five,  ten,  fifteen,  and  thirty  minutes  and 
one,  tv;o,  four,  eight,  sixteen,  and  twenty-four  hour  periods  in  terms  on  the 
order  of  once  in  tr/o ,   five,  ten,  t\TOnty-five,  fift^^,  and  one  hundred  years; 
i.e. ,  that  in  a  given  time  a  certain  amount  of  rain  can  be  expected  to  occur 
once  in  a  given  period  of  years.     Thus  far,  available  data  have  been  found 
reasonably  accurate  insofar  as  the  eastern  zone  is  concerned.     It  is,  there- 
fore, not  likely  that  the  technician  will  be  seriously  in  error  if  intensi- 
ties outlined  in  this  publication  are  used,  but  only  as  they  pertain  to  that 
portion  of  the  Region. 

Heretofore  the  effect  of  norm.al  air  mass  movements  on  the  quantity  and  dis- 
tribution of  precipitation  v/ithin  the  Region  has  been  discussed.     A  further 
analysis  of  existing  records  indicates  that,  to  som^e  extent  at  least:,  rain- 
fall intensities  likewise  are  influenced.     Before  proceeding  further,  how- 
ever, this  point  must  be  emphasized:     Rainfall  of-high  intensity  or  long 
duration  can  occur  at  any- point  within  the  I'egion  at  any  time.     The  likeli- 
hood or  frequency  of  such  occurrences,  however,  apparently  "ties  in"  rather 
definitelv  with  other  conclusions  concerning  th^c  influence  of  air  mass  miove- 
ments. 

Six  facts  are  of  primary  importarice  as  they  irifluence  intensity  duration 
characteristics.     They  are:     1,    As  air  masses  r^ove  overland  from  source 
regions  the  amount  of  m.oisture  per  unit  volume  normally  decreases;  2, 
During  the  late  spring,  sui-tner,  and  early  fall  m.onths  the  rainfall  of  Region 
6  is  derived  principally  from.  Gulf  air;     3«     I'lood-produc ing  precipitation 
normally  occurs  during  this  period;  Characteristic  intensities  outlined 

herein  do  not  apply  to  high  mountain  areas;     5»     Intensities  at  or  near 
certain  abrupt  topographic  barriers  may  be  characteristically  much  higher 
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than  those  indicated  for  the  area  as  a  whcle^   and    6,  Intensity-duration 
of  rainfall,  not  intensity  alone,  is  the  important  factor  in  runoff  deter- 
mination. 

The  corruilexity  of  precipitation  expectancy  throughout  the  Region  is  such 
that  no  general  statem.ent  Y/ill  apply  to  even  one  major  porti  on.     For  the 
purpose  of  this  discussion  the  two  zones  are  again  suhdiridod  into  states 
or  portions  of  states.     It  must  be  kept  in  mind,  horrever,  that  the  subdivi- 
sions are  arbitrary  and  that'  no  clear  line  of  deirsarication  can  be  draivn. 

Eastern  2one — New  Mexico 

The  proximity  of  tli is  aroa  to  the  soiirce  of  moist  fnlf  air  is  such  that  the 
characteristic  storm_s  m^a^r  result  in  rainfall  periods  of  very  high  intensities 
for  short  periods  or  liee.'ry  sustained  intensities  over  a  groator  length  of^ 
time,     As-  progress  is  m.ade  iTos'tivard  from  the  Texas  boundary,  however,  there 
is  apparently  a  tendency  toT/ard  decreasing  intensity  diiration.     Table  II  in 
the  Appendix  outlines  the  probable  am.ounts  of  rainfall  that  mdght  be  expected 
to  occur  in  periods  of  fifteen,  thirty,   sixty,  and  120  minutes  each  ten, 
twentA/-five ,  and  fifty  ye&rs  at  20  stations  within  and  ziear  Region  6.  .  Fr.om 
the  nearest  ap-olicable  station  or  'stations  the  probable  intensity- frequency 
of  a  given  location  can  be  found. 

Eastern  Zone — Colorado  .      ■  "  ^ 

The  changes  in  nonnal  intensity  chs.racteristics  in  the  area  follow  somewhat 
the  same  directional  movements  e.s  that  of  New  hoxico.     Intensity  data  for 
Pueblo  and  Denver,  Colorado,  ^odge  City,  Kansas,  Cheyenne  and  Lander,  Wyo- 
ming, and  North  Platte,  Nebraska,  will  be  found  in  Table  II, 

Western  Zone  —  New  Ilcxico 

As  mentioned  heretofore  tliis  area  is  influenced  by  the  r.ovem.ent  of  Gulf  air 
north-nor thwesti'/ar d  from  the  Gulf  of  liexico,  or  other  masses  of  the  same 
origin  m.oving  north-nor thcastward  fj:*om  Old  Mexico,     unfortunately,  records 
in  the  area  are  very  mioager  or  totally  lacking.    As  progress  is  m.ade  west- 
ward from,  the  Rio  Grande  Valley  and  northward  from.-the  boundai^y  of  Cld 
Nexico,  there  is  a  certain  amjoimt  of  evidence  that  norrial  intensities  are 
som.e?vrhat  less.     Th.is  decrease  follows  more  or  less  the  same  path  as  that 
taken  by  Gulf  air  m.asses.    Data  from  El  Paso,  Texas,  and  State  College, 
Albuquerque,  and  Santa  Fc,  Yeir  Mexico,  are  riven  in  Table  II.     It  is  im- 
possible to  suggest  v/Iiat  reduction  in  normal  intensities  may  occur  to  the 
nortii  and  west  of  these  stations  i  yet  there  is  no  reason  to  believe  that  a 
rise  in  intensity  expectancies  will  bo  fo^jsnd. 

Western  Zone — Arizona 

Presupposing  the  entrance  of  moist  Gulf  air  from  Old  I.exico  into  southern 
Arizona  and  a  norml  m.ovemiont  north  and  northwest,  it  is  not  illogical  to 


again  assume  that  a  decrease  in  normal  i literts itics  occurs  as  the  air  inass 
progre.sses.    Although  a  certain  general  trend  is  evidenced,  the  peculiar 
physiographic  characteristics  of  the  state  tend  to  soncwhat  nodify  this 
premise.     The  intensity  record  at  Tucson  (Table  II)  indicates  that  con- 
siderable amounts  of  precipitation  v;ill  be  recorded  v.dth  some  regularity. 
The  record  at  Fhocnix,  some  125  miles  nortbvcst,  reflects  v.  definite  drop 
in  intensity  frequencies.     The  latter  city,  ho\7cvor,  is  at  a  much  lower 
elevation,  I506  feet  less,  and  on  the  dovmidnd  side  of  the  Gulf  air  move- 
ment vrhich  increases  the  probability  of  o^/crriding. 

The  relief  map  (Pig.  1)  of  Arizona  sho%YS  niunorous  ratlier  rabrupt  topographic 
rises  over  the  southern  section  of  the  state  r,"~.l  an  al'^ost  continuous 
barrier  extending  from,  the  Nov/  Mexico  border  ii;  a  more  or  less  northwest- 
erly direction  across  the  mr.ior  part  of  the  state.     This  b-arrier  is  composec 
in  a  large  part  of  the  I'.ogollon  rim,  a  liigh  plateau  rising  rather  abruptly 
from  the  lowlands.    Since  the  Gulf  air  moves  northvrp.rd  against  the  num.erous 
mountains  and  rises  in  the  path,  it  is  possible  that  at  virtually  any  loca- 
tion between  the  border  of  Old  Mexico  and  high  elevation  of  oentra"T~to 
northccntral  Ari^-ona  characteristic  intensities  equal  to  or  greater  than 
those  at  Tac s on ;  v;i  1 1  occur. 

On  entering  Arizona  the  moist  Gulf  air  apparently  is  moving  in  more  or  less 
norttwesterly  direction  possibly  due  to  the  influence  of  the  high  central 
moiantain  ranges  of  Old  Lexico,     The  prevailing  westerly  v/inds  ordinarily 
tend  to  deflect  this  air  mass  eastwo.rd;  however,  the  continuity  and  height 
of  the  Mogollon  rim  may  be  responsible  in  part  for  the  cc)n,tinuation  wesfc-.T.:* ' 
of  more  than  an  ordinary  part  of  the  m.oistv.re.     Leopold  3^s/x0ws  seme  of 
highest  2l4.-hour  rains  for  the  entire  state  oc curing  in  the  mountainous  area 
north    and  v/est  of  phoenix. 

Fig.  1  shows  that  nort-icastern  Arizona  is  to  the  leeward  of  Gulf  air  move- 
ments and  generally  lower  in  elevation  than  the  l.ogollon  Plateau.     As  a 
result  it  is  likely  that  much  less  mioisture  is  available  for  the  development 
of  storms  of  high  intensit^z-duration  or  frequent  rainfall  periods.  The 
charaOtcristic  intensity- duration  of  rainfall  in  this  area  probably  is 
somiev;hat  on  the  order  of  or  less  than  at  Phoenix. 

The  location  with  respect  to  air  mass  movements,  low  elevation,  and  the 
attendant  low  annual  rainfall  of  extrem.e  western  and  southwestern  Arizona 
minimizes  the  probability  of  high  intensity  rainfall  occurring  with  fre- 
quencies com.parable  to  those  at  T■L^cson  or  Phoenix,  although  rainfall  of 
both  high  intensity  cxid.  considerable  duration  have  been  recorded.  The 
characteristic  intensities  of  northwestern  Arizona  vri.ll  be  discussed  in 
conjunction  mth  Utah, 
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Another  characteristic  of  rainfall  in  parts  of  xirisona  is  the  prevalence 
and  nature  of  winter  storias.     Ihe  latitude  and  coTiiparatively  loiv  elevations 
of  the  southcentral  portion  of  the  state  are  such  that  the  winter  precipi- 
tation occurs  largely  in  the  form  of  rainfall.     Few  barriers  of  consequence 
are  present  betiveen  the  mountainous  parts  of  this  section  and  the  Pacific, 
a  situation  favorable  toward  the  occurrence  of  winte-^-  storms  both  heavy  and 
sustained.     Polar  Pacific- air  in  winter  and  Tropical  Pacific  air  in  late 
spring  and  early  fall  may  invade  from  the  west  or  southwest  carrying  large 
quantities  of  moisture.     As  these  masses  meet  the  barriers  m.entioned  here- 
uofore  the  orographic  uplift  and  accompanying  convection  may  result  in 
storms  from  which  flooding  is  of  major  consequence.     In  no  other  part  of 
the  Region  are  ?ieavy  winter  rain  storms  this  prevalent. 

'"'estern  Zone — Colorado 

The  exceptionally  high  elevations  of  a  considerable  part  of  this  section  is 
in  itself  an  indication  of  Ic-.v  intensity  rainfall.     This,  coupled  v/ith  the 
fact  that  the  area  is  far  removed  from  sources  of  summer  moisture,  alm.ost 
precludes  the  frequent  occurrence  of  heavy  or  intense  storms.  Intensity 
frequencies  taken  from  the  l^J-year  record  at  3-rand  Junction  and  shoiATi  in. 
Table  II  are  surprisingly  low  and  are  difficult  to  ignore  consid^-ring  the 
length  of  time  the  station  has  been  in  operation.     For  the  lower-lying 
areas  the  technician  may,  to  be  conservative,  revise  these  upward  25/^  or. 
m.ore;  however,  nothing  has  been  found  that  seriously  questions  the  applic- 
ability of  the  Grand  Junction  record. 

''"estern  Zone--Utah 

ihe  northwestward  movement  of  Gulf  air  from  central  Arizona  apparently 
sliifts  to  a  somewhat  north-northeast  direction  as  it  passes  Tvest  of  the 
higher  elevation  of  northern  Arizona.     The  ■  eather  Bureau  station  at 
Modena,  Utah,   (L|.5  miles  xvest  of  Cedar  Oity)  lies  in  the  path  of  this  move- 
ment and  data  taken  from  the  39-7Sar  station  record  (table  II)  indicate 
that  in  northwestern  Arizona  and  southv/e stern  Utah  prevailing  intensities 
up  to  120-minute  periods  remain  relatively  high.     The  Salt  Lake  City  rec-- 
ord,  however,  shows  nothing  in  the  l^Li.  years  of  record  that  would  indicate 
rainfall  intensities  of . sufficient  duration  to  result  in  unusual  flooding 
except  from  very  sm.all  watersheds.     It  is  not  illogical,  therefore,  to 
assume  that  as  progress  is  made  northv^ard  from  Modena  toward  Salt  Lake  City 
the  characteristic  intensity-duration  of  rainfall  becomes  progressively 
less.     It  must  be  kept  in  mind,  however,  that  a  number  of  abrupt  barriers 
are  present  in  the  area  at  which  rainfall  intensities  may  normally  be 
higher  than  elsewhere  in  the  vicinity.     Intensities  prevalent  to  northern 
Utah  probably  are  similar  to  those  at  Salt  Lake  City. 

Virtually  no  intensity  data  are  available  in  southcentral  and  southeastern 
Utah.     There  is  nevertheless  seme  evidence  that  infrequent  but  heavy  rain- 
storms occur  along  and  near  the  abrupt  escarpment  areas.     It  is  likely  that 
intensity-duration  characteristics  of  the  area  as  a  whole,  however,  fall 
between  those  of  Modena,  Utah,  and  Grand  Junction,  Colorado. 
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Runoff  data  collected  in  the  remainder  of  the  state,  including  the  Uintah 
Basin,  indicate  that  prevailing  intensity-durations  are  low,  probably  ap- 
proaching these  at  Salt  Lake  City. 

OmSR  CLIMATOLCGICxU.  CILxRACTSRISTICS 

Characteristic  Temperature 3-- 

It  is  not  often  realized  that  the  cliraa-'oe  of  Region  6  is  of  a  complexity 
seldom  found  elsewhere.     This  lack  of  uniformity  is  rather  strikingly 
shown  by  extremes  in  prevailing  temperatures  at  various  locations  within 
the  four  states.     Take,   for  example,  the  highest  recorded  temperature, 
127°  Fahr .  ,  at  Parker,  Jirizona,  as  compared  with  the  lov/est  temperature, 
-5^°  Fahr.,  which  has  been  r^ecorded  at  Steamboat  Springs,  Colorado.  These 
extremes  are  of  interest  yet  net  too  significant.     A  comparison  of  the 
average  temperature,  however,  considering  the  year  as  a  whole,  brings  out 
a  contrast  vrorthy  of  note.     Considering  the  annual  mean  at  Mohawk,  Arizona, 
(7^4-5°  Fahr.)  and  that  at  Corona,  Colorado,   (27.8°  Fahr.)  the  technician 
may  better  realize  what  range  in  te;aper<„tures  muGt  be  contended  v.dth  in 
planning  activities  throughout  the  Region.     In  order  to  assist  with  the 
determination  of  temperature  patterns  as  they  may  prevail  in  a  given  local- 
ity, a  number  of  stations  were  selected  and  their  mean  monthly  and  annual 
temperatures  are  given  in  table  III.    Much  additional  information  can  also 
be  taken  from  publications  listed  in  "Principal  oources  of  iiydrologic  and 
Climatic  Data  in  Region  6"  which  is  given  in  the  Appendix. 

Frost  Free  Periods-- 

Of  utmost  importance  in  intelligent  planning  is  that-  period  of  the  year 
during  T/\3iich  vegetation  will  normally  grow,  presupposing  the  presence  of 
adequate  moisture.     This  portion  of  the  year  is  commonly  termed  the  frost 
free  period,  and  data  concerning  its  extent  at  many  localities  can  be  found 
in  the  Climatic  Summaries  of  the  Y'eather  Bureau  and  table  IV  of  this  bul- 
letin.    Due  to  certain  other  factors  not  commonly  considered,  however,  a 
word  of  caution  should  be  given  lest  such  information  be  used  without 
qualification. 

It  is  a  well  known  fact  that  cold  heavy  air  tends, to  drain  from  hillsides 
into  valleys  during  the  night  forcing  u;;-'."ard  the  warmer  air  present  there. 
Such  drainage  often  results  in  an  "inversion"  or  a  situation  v/here  air  at 
and  near  the  ground  surface  is  colder  than  that  above.     As  a  result  of 
this  phenomenon  valley  areas  often  sustain  frosts  of  greater  severity  and 
frequency  than  do  the  adjacent  hillsides.     This  difference  is  more  often 
than  not  sufficient  to  warrant  the  detormination  of  whether  """eather  Bu- 
reau Stations  from  which  data  are  taken  are  located  in  valleys  or  adjacent 
higher  elevations  before  the  information  is  used. 

Another  vrorthwhile  consideration  lies  in  the  average  m.onthly  temperatures 
characteristic  to  a  given  locality.     ?.hereas  the  length  of  a  growing  sea- 
son is  of  importance  it  is  also  important  to  determine  the  relative  amount 
of  heat  recorded  during  this  season.     In  other  words,   if  one  locality  has 
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a  consistently  higher  average  temperature  than  another  this  difference  7.hen 
translated  into  available  heat  day  by  day  over  a  period  of  months  result  in 
faster  and  heavier  gro-Arth  v.-ith  the  resultant  maturity  of  crops  in  the  T.?arm- 
er  area  that  vj-ould  fail  in  the  colder. 

Characteristic  Evaporation — 

The  extreme  range  in  temperatures  characteristic  to  various  portions  of  the 
Region,  together  iidth  changes  in  other  climatrological  features,  results  in 
equally  divergent  evaporation  rates,     lieyer-i/  gives  a  variation  of  from 
100  inches  or  more  in  iiJ'izona  to  less  than  14O  inches  in  certain  parts  of 
Colorado. 

In  order  to  assist  the  technician  i.vith  the  determination  of  approximate 
evaporation  rates,  table  V  has  been  devised.     Average  r.onthly  and  annual 
evaporation  rates  are  included  Wnerever  available  ";ith  the  exception  of  rec 
3rds  from  certain  stations  not  considered  applicable  to  areas  other  than 
;:;hose  imrr.ediately  adjacent.     The  data  given  are  in  terms  of  land  pan  evapo- 
ration rates  and  as  such  are  higher  than  the  quantities  that  will  be  lost 
from  free  water  surfaces.    Various  studies  have  indicated  that  to  more  • 
nearly  approximate  the  true  evaporation  rates  a  factor  in  the  neighborhood 
of  .70  should  be  applied. 

As  in  the  case  of  many  other  types  of  data  certain  precautions  should  be 
taken  before  such  information  is  considered  applicable  to  areas  in  v/hich 
evaporation  pans  have  not  been  in  operation.     It  is  -'-ell  knovm  that  evapo- 
ration rates  vary  greatly  with  changes  in  wind  veloci";;y,  humidity,  temper- 
•iture,  elevation,  etc.,  and  that  ^uch  changes  often  occur  Vvdthin  compara- 
tively short  distances.     Probably  the  best  approach  to  the  correct  answer 
lies  in  an  interpolation  between  existing  station  records  of  evaporation, 
using  at  the  same  time  any  other  available  data  such  as  is  mentioned  above. 
Reference  is  again  made  to  Mr.  Meyer's  publication  if  more  concise  informa- 
tion is  desired. 

SOSO^Y  OF  CLBLlTIC  F.^GTORS 

In  summarizing  this  discussion  several  pertinent  facts  concerning  the  cli- 
mate and  precipitation  characteristics  of  Region  6  are  outlined  below: 

1.   The  principal  sources  of  precipitation  are  fromi  air  m.asses  origi- 
nating in  the  Gulf  of  Mexico  (suinmer)  and  the  northern  Pacific 
Ocean*  (winter). 


7/  Meyer,  Adolph  E.  "Evaporation  from  Lakes  and  Reservoirs". 

*    Vi/ith  the  exception  of  eastern  New  Mexico  and  eastern  Colorado,  v/here 

Tropical  Gulf  air  remains  the  predom-inat ing  type  during  both  sunnier  and 
winter. 
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2.  Normally  a  rroator  porccntago  of  tho  annual  precipitation  results 
from  Gulf  of  Lloxico**  air  m&ssos. 

3.  The  spring  and  fall  months  aro  transitory  periods  during  v/hich 
many  and  varied  reset  ions  may  take  place. 

I4.   Intensities  of  precipitation  are  normally  lov/er  in  hgih  mountain 
areas  than  over  the  plains. 

5.  Annual  quantities  of  precipitation  normally  rise  v;ith  elevation 
but  may  vary  widely, from  this  rule  under  given  conditions. 

6.  The  preponderance  of  precipitation  generally  shifts  from  summer 
tovjard  ivinter  moving  westxvard  from  eastern.  New  Mexico  and  east- 
ern Colorado  and  northward  from  southern  Arizona. 

7*   There  is  a  general  trend  tovai'd  decreasing  intensity/-  durations 
as  the  distance  from  moist  air  mass  ccurces  increases. 

8.  Prevailing  temperatures  ever  the  Region  cover  an  extremely  v/ide 
range .  , 

9.  Frost  free  periods  are  irdicative  of  the  average  grox-'ing  season 
but  unless  used  with  caution  may  prove  of  little  value  in  the 
establishment  of  which  crops  are  most  suitable  to  a  given 
locality. 

10.  Land  pan  evaporation  ranges  from  100  to  less  than  4O  inches. 

A  factor  of  . 70  should  be  applied  to  existing  data  if  the  evapo- 
ration from  free  water  surfaces  is  desired. 

RUNOFF  ESTIMATES 

Rates  of  Runoff  from  Rainfall— 

An  intelligent  and  thorough  examination  of  a  given  T/i/atershed  is  a  requi- 
site to  the  proper  estimate  of  probable  runoff  rates.     All  too  often  a 
cursory  and  hurried  inspection  of  an  area  is  made  during  v/hich  only  one 
or  two  of  the  many  pertinent  characteristics  are  determined,  while  others 
and  possibly  the  predominating  factors  are  overlooked  entirely.    V.hen  it 
is  considered  that  the  most  thorough  watershed  examinations  are  likely  to 
lead  to  conclusions  somewhat  in  error  the  importance  of  at  least  exhaust- 
ing every  source  of  information  concerning  the  area  becomes  further 
emphasized. 

A  number  of  factors  which  may  have  their  place  in  such  a  study  are  listed 
and  discussed  below.     This  guide  should  be  followed  or  enlarged  upon  by 
technicians  regardless  of  the  formula,  table  or  chart  used  in  the  final 
estimate. 


**  f:ith  the  exception  of  v^estern  Arizona  and  western  Utah,  where  xvinter 
precipitation  predominates. 
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The  influcncG  of  slopes  portincnt  to  a  given  'vctorshed  is  prirriarily  r.jfl3ctGd 
in  volocity  changes.     Obviously  during  a  given  time  and  with,  a  constant  rate 
of  rainfall  more  v.-ater  7;ill  reach  a  point  of  outlet  from' a  steeply  sloping 
area  than  from  one  containing  flat  or  rolling  slopes,  although  the  total 
Quantity  of  runoff  is  equal.     In  the  first  instance,  voj.ocities  are  higher 
and  a  greater  am.ount  of  runoff  converges  at  "the  outlet  during  the  time  under 
consideration. 

Contributing  Area  and  Shape  of  Tfetersheds: 

Failure  to  give  due   consideration  to  the  affect  of  the  shape  of  an  area  on 
aaximum  discharges  is  a  common  error.     The  shape  of  a  ivatershed  as  the  pre- 
vailing slope,  can  materially  influence  runoff  hy  virtue  of  its  effect  in 
increasing  or  decreasing  the  contributing  aroa  and  consequently  the  amount 
of  discharge  during  a  given  time.     For  example,  a  bovd-shaped  area  contrib- 
uting uniformly  toi^ard  the  center  ivill  produce  a  much  lighter  rate  of  run- 
off at  the  central  point  in  a  given  time  than  r;ould  c.  long,  narrow  vjater- 
3hed  of  the  same  size,  unless  the  storm  duration  i'.!as  of  sufficient  length 
i;o  satisfy  the  time  of  concentration  on  both  r.-ator  sheds .     Inasmuch  as  very 
often  the  convectivo  type  of  storm  does  not  last  sufficiently  long  to 
satisfy  this  time,  it  is  obvious  that  the  larger  the  area  lying  vithin  a 
given  radius  from  the  point  of  outlet,  all  other  things  being  equal,  the 
higher  the  rate  of  runoff. 

Soil  Types:  ■  ■ 

The  soil  type  peculiar  to  a  given  viratershed  is  primarily  felt  as  it  influ- 
ences infiltration  rates.     It  is  of  course  obvious  that  a  higher  infiltra- 
tion capacity  allows  the  percolation  of  greater  percentages  of  rainfall 
during  a  given  time  and  consequently  less  surface  runoff  occurs.  Attempts 
have  been  made,  and  at  times  successfully,  to  establish  the  infiltration 
rate  of  the  soil  present  on  a  given  watershed  and  modify  runoff  coeffici- 
ents on  this  basis.     This  may  be  feasible  when  exhaustive  surveys  of  an 
area  are  to  be  madcj  hoyrever ,  the  complexity  of  soil  tjrpe  s  within  this 
Region  make  it  impossible  to  attempt  a  delineation  of  any  areas  or  zones 
as  having  high  or  low  infiltration  rates.     Then  it  is  considered  that  even 
within  the  limits  of  one  ivatershed  there  may  be  present  many  diff3rent 
soil  types,  each  of  which  should  theoretically  be  assigned  an  infiltration 
rate,  it  becomes  obvious  that  no  concise  recommendation  can  bo  made. 

The  futility  of  attempting  to  assign  infiltration  rates  to  general  areas 
or   sections  of  the  Region  becomes  more  obvious  when  it  is  realized  that 

the  capacity  of  a  given  soil  is  materially  influenced  by  the  amount  of 
moisture  present  when  the  flood-producing  rainfall  occurs.     The  frequency 
of  high  runoff  then  becomes  not  necessarily  a  rainfall  frequency  but  one 
of  flood  flov:  magnitude  as  it  occurs  v.dth  relation  to  antecedent  precipi- 
tation.    Runoff  records  from  experimental  watersheds  show  the  profound  in- 
fluence of  soil  moisture  on  runoff,  and  it  is  likelv  that  this  influence 
'■-.ay  more  often  than  not  be  of  greater  consideration  than  the  soil  type 
itself.     Thus,  even  with  a  consistent  soil  type  over  the  area  the  maximum 
runoff  still  may  depend  more  upon  antecedent  rainfall.     In  view  of  constant 
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varicitions  of  rainfall  intonsitios  p.nd  other  chare  etc  ris.tics  portincnt  to 
invest igations  of  probablo  maximum  dicc'.arges  it  coos  not  appear  logical  ' 
to  consider  the  soil  type  prevalent  cn  a  given  v.rtorshod  as  of  the  ma .j or 
importance  unless  it  varies  exceptionally  from  general  or  av-rago  condi- 
tions.    There  are  certain  instances,  hoivev^-r,  in  ■'Atiich  soils  conditions 
should  play  a  predominating  part  in  the  consideration  of  flood  flows. 

For  example,  an  area  having  very  sandy  soil  to  soir.o  depth  throughout  and 
not  highly  dissected  is  unlikely  to  produce  high  discharges  even  vhen 
subjected  to  excessive  precipitation.     Another  possible   influence  on  maxi- 
mum rates  of  runoff  is  the  presence  of  sandy  tributary  arroyos  or  one  wide, 
sandy,  principal  ivfaterway  on  a  long,  narrow  watershed.     Considering  the 
infiltration  rate  of  sand,  it  readily  can  be  seen  that  a  great  deal  of 
storm  runoff  may  never  reach  the  point  of  outlet. 

The  possibility  of  natural  spreading  within  a  given  v/atershed  also  should 
be  considered.     Hough  estimates  made  from  data  collected  at  Mexican 
Springs,  Noxv  Mexico ,  indicate  that  a  relatively  flat  and  reasonably  pervi- 
ous spreading  area  of  one-tenth  the  size  of  the  more  steeply  sloping  and 
rough  tricvrfcary  -'vp-tershod  nay  absorb  a  major  portion  or  at  tines  alT  run- 
off from  the  tributary  area.     In  view  of  such  occurrences,  it  is  reason- 
able to  expect  thc.i  retention  of  a  part  or  all  runoff  from  certain  tribu- 
taries to  a  watershed  i.f  natural  water  spreading  areas  are  in  existence. 

Although  many  soils  conditic.~-3  are  beneficial  to  the  reduction  of  flood 
flows,  still  others  have  the  opposite  effect.  Certain  types  of  shales, 
for  instance,  on  being  wetted  appear  to  form  an  almost  water-tight  seal 
on  the  ground  surface  and,  as  a  result,  infiltration  rates  may  approach 
zero.  The  presence  of  these  types,  if  suspected,  should  be  determined  by 
qualified  soil  scientists.  .  ' 

Vegetative  Types: 

The  vegetative  aspect  of  a  given  watershed  must  be  considered  in  a  similar 
manner  as  soil  types.     It  is  generally  recognized  that  there  are  wide  dif- 
ferences in  the  character  and  density  of  vegetation.     In  fir  and  spruce 
stands  as  well  as  in  heai,y  oak  brush  there  is  not  only  the  cushioning  ef- 
fect of  considerable  leafage  but  usually  there  is  a  mantle  of  highly 
absorptive  duff  on  the  ground.     Contrast  this  with  the  sparsely  vegetated 
areas  in  low  rainfall  regions.     In  between  these  two  extremes  is  the 
country  typified  mostly  by  woodland  (pinon  and  juniper),  grassland  and 
northern  desert  shrub  (mainly  sage)  vhere  the  Service  is  principally 
engaged  in  assisting  soil  conservation  distriots.     '  ithin  this  large  area, 
it  is  probable  that  the  main  difference  in  effectiveness  of  vegetation  in 
retardation  of  runoff  is  caused  by  past  or  present  grazing  use. 

Long-continued  overuse  of  the  range  usually  results  in  a  thinned  stand  of 
herbaceous  cover,  the  occurrence  of-  inferior  species  and  the  e stablishm.ent 
of  a  network  of  gullies  -  all  of  which  promotes  accelerated  runoff.  Even 
with  an  "about-face"  in  management  it  might  take  5  "to  10  years  for  vegeta- 
tion to  recover  sufficiently  to  appreciably  effect  the  rate  of  runoff.  On 
the  other  hand,  a  range  of  similar  environment  may  have  been  judiciously 
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incnoged  in  the  past;  all  plants  are  vigorous  and  reasonably  abundant;  and 
drainage  ways  are  not  "gutted".     For  these  rersons  the  watershed  is  func- 
tioning properly  and  flood  probabilities  should  be  so-iev/nat  less  on  suoh 
an  area. 

It  is  recognized  that  there  is  a  great  deal  of  fluctuation  from  year  to 
year  in  the  amount  or  seasonal  occurrence  of  rainfall  and  that  this  natur- 
ally influences  the  amount  of  vegetative  grovrth,  even  on  ranges  in  very 
~ood  condition.   . If ^  for  example,  a  reduction  in  the  runoff  coefficient  is 
".lads  due  to  the  presence  of  lush  vegetation  at  a  particular  time,  there  is 
no  guarantee  that  the  same  condition  will  exist  when  the  flood-producing 
rein  occurs.     It  is  not  at  all  true  that  high  intensity  rainfall  occurs 
only  during  years  of  rainfall  favorable  to  vegetative  grovth,  and  an  early 
drouth  period  can  easily  "discourage  growth  prior  to  the  storm  period.  The 
effect  of  volume  groi^rfch  and  interception  of  rainfall  is  greater  as  the 
growing  season  progressively  moves  forY;ard;  thus,  during  no  periods  of  a 
growing  season  will  volum.e  growth  have  the  srme  influence. 

'Considerable  emphasis  should  be  ^"laoed  "on  the  presenc::  or  alisence  of  a 
neavy  growth  of  vegetation  such  as  sacaton,  chamiza,  etc.,  in  tributary 
or  principal  waterways o     0/:\lnarily  the  v,'aterT.a3''S  will  receive  some  con- 
centration of  runoff  from  outlying  areas  and  even  though  precipitation 
may  be  far  below  normal  during  a  given  year  a  certain  amount  of  growth 
•vill  probably  take  place  (due  to  carryover  of  soil  moisture).     Since  com- 
p'.ratively  deep  alluvial  soils  are  usually  found  in  these  sv/ales,  the 
combined  effect  of  reduced  velocity  and  increased  'infiltration  may  result 
in  material  reduction  of  flood  flows. 

It  is  realized  that  the  above  comments  do  not  provide  a  formula  for  making 
even  rough  allovrances  for  the  vegetative  factor  in  caluclating  runoff. 
For  the  time  being,  experience  in  a  given  area  will  need  to  point  the  •u\'ay. 
One  thing  stands  out,  iiowever,  and  that  is  where  outstanding  differences 
in  type  of  vegetation  occur  there  are  bound  to  be  marked  differences  in 
rate  and  amount  of  runoff. 

/jnounts  of  Runoff  from  Reinfall — 


Tlie  prevalence  of  spectacular  erosion  and  the  "flashy"  nature  of  flood 
flo%vs  in  the  Southwest  often  has  led  toivard  the  impression  that  consider- 
able portions  of  the  annual  rainfall  appear  in  the  form  of  runoff. 

Since  1939  "the  Research  Division  of  the  Soil  Conservation  Service  has 
operated  a  number  of  exper im.ental  watersheds  in  ^.rizona,  Ilew  Iv'e;:iGO,  and 
Colorado.     Inasmuch  as  the  areas  are  small  and  the  period  of  record  covers 
one  of  the  wettest  years  in  recent  history  (1939) ^  there  is  every  reason 
to  believe  that  the  data  are  applicable  to  a  large  part  of  Region  6,  where 
^/ields  from  rainfall  runoff  are  of  major  consideration. 
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Extreme  variations  in  total  annual  yields  hcve  occurred  as  v.'ould  be  ex- 
pected.    Regardless  of  such  variations,  Viov.-evor,  one  coxisistent  fact  has 
been  outstanding;  i.e.,  that  runoff  re  stilting  frcin  rainfall  represents 
but  a  small  fractional  part  of  the  annual  precipitation.     From  10  'vvater- 
sheds  of  I4O  to  790  acres  in  size  a  total  yield  c.:"  S%  of  the  year's  pre- 
cipitation is  considered  very  high  and  5?^  or  less  is  an  average  proportion. 
These  data  are  in  line  v/ith  other  runoff  records,  such  as  those  of  the 
U.   3.  Geological  Survey,  and  can  be  considered  as  more  or  less  representa- 
tive of  the  lower-lyirg  areas  in  Region  6.     The  technician  therefore 
should  keep  in  mind  that  runoff  froin  watersheds  due  to  storm  rainf 1  v:ill 
average  less  than  ^%  of  the  total  annual  precipitation.     The  cata  con- 
tained in  t-tible  VII  ivill  be  of  assistance  in  determining  probable  anounts 
of  runoff  from  certain  areas  ivithin  the  Region. 

Rates  and  Amounts  cf  Runoff  from  Melting  Snovir-- 

The  contrast  between  intensities  of  runoff  from  the  high  mountains  and 
plains  areas  of  Region  6  is  directly  reversed  v:hen  consideration  is  given 
to  water  yields,     xxlbhcugh  unit  runoff  rates  characteristically  drop  with 
major  gainb  in  eiovauion,  the  opposite  is  true  with  regard  to  total  runoff, 
yhereas  a  5/^  ruroi'i"  may  be  considered  average  or  above  the  average  in  the 
arid  and  serai-arid  portion  of  the  Region,  a  yield  of  30/°  'to  Uofo  of  the  an- 
nual precipitation  is  not  uncommon  in  the  major  snow  storage  areas. 

The  estimation  of  probable  rates  and  amounts  of  runoff  from  melting  snov/ 
requires  an  entirely  different  approach  than  that  of  runoff  from  storm 
rainfall.     Obviously  the  formulae  nov;  in  use  for  determination  of  maximiam 
discharge  cannot  be  applied  to  areas  where  flood  flows  from  snow  melt  are 
of  major  consideration.     In  the  absence  of  actual  records  from  a  given 
watershed  the  technician  can  best  estimate  the  probable  runoff  by  interpo- 
lation between  watersheds  from  T.hich  the  flows  have  been  gaged.     The  er- 
ratic nature  and  peculiar  distribution  of  snov/  storage  make  such  interpo- 
lation difficult  under  the  best  condition.     Several  physiographic  and 
other  characteristics  of  a  watershed  however  enter  into  a  logical  estimate 
of  runoff.     These  are  outlined  and  discussed  below:  ■  .  ■ 


Precipitation  character  is tics 
Exposure  to  sunshine 
Exposure  to  wind 
Vegetative  characteristics 
Geologic  and  soils  characteristics 
Topographic  characteristics 


Precipitation  Characteristics — 

Obviously  the  proportion  of  annual  precipitation  occurring  in  the  form  of 
snow  is  of  first  consideration.     The  predominating  factors  involved  are 
of  course  latitude  and  elevation,  which  reflect  the  prevailing  temperature. 
It  must  be  kept  in  mind,  howrever,  that  the  time  of  occurrence  of  snowfall, 
when  correlated  with  temperature  and  wind  movements  also  is  of  considera- 
tion.    On  certain  types  of  watersheds  early  and  late  snowfall  may  contrib- 
ute nothing  Yirhatever  to  runoff  due  to  quick  melting,  infiltration  and 


evaporation.     The  most  ccmplGte  information  conoernii^g;  ani-.ual  snowfall  can 
"be  found  in  publications  of  the  U.   3.  "eather  Bureau  and  particularly  in 
their  climatological  suiTimarieSj  the  last  of  r/hich  includes  data  through  1930* 

Exposure  to  ounshine-- 

Although  the  amount  and  time  of  occurrence  of  snowfall  is  important,  rates 
and  am.ounts  of  runoff  may  vary  widely  betv-een  watersheds  receiving  the  same 
catch.  Areas  located  on  the  south  and  west  slopes  ordinarily  receive  much 
more  sunshine  than  those  to  the  north,  with  resulting  higher  temperatures. 
6uch  a  situation  promotes  melting,  evaporation,  and  infiltration  to  a  much 
greater  extent,  v.dth  subsequently  less  storage. 

'Exposure  to  ind-- 

■Pne  ability  of  wind  to  accelerate  evaporation  rates  long  has  been  recog- 
nized.    As  a  result,  i/vater sheds  located  to  the  v/indward  sides  of  mountains, 
all"  other  things  being  equal,  are  likely  to  retain  much  less  of  the  snovv 
catch  than  those  to  the  leeward.     It  also  is  possible  that  in  certain  cases 
the  snow  from  the  watersheds  located  near  the  top  of  divides  may  be  bloTm 
over  the  ridge  and  deposited  on  edjscent  areas.     In  the  greater  part  of 
Region  6  prevailing  winds  are  westerly. 

■'/egetative  Characteristics — 

The  presence  or  absence  of  trees  and  other  vegetative  groivth  on  a  given 
watershed  is  of  utmost  importance  in  the  consideration  of  snow  storage. 
TTot  only  are  ground  temperatures  ordinarily  lower  if  good  vegetation  is 
:.resent  but  also  wind  movement  is  materially  reduced.     liie   importance  of 
this  factor  is  such  that  under  certain  conditions  the  difference  in  vegeta- 
tive characteristics  of  txvo  x\rater sheds  m.ay  have  a  greater  influence  than 
their  exposures. 

Geologic  and  Soils  Characteristics-- 

The  soil  depth  and  type  as  irell  as  the  subsurface  storage  characteristics 
of  a  given  watershed  are  reflected  in  its  infiltration  capacity.  Obviously 
the  greater  opportunity  for  infiltration  the  less  surface  runoff. 

Topographic  Characteristics — 

Variations  in  rates  and  amounts  of  runoff  between  v/axer sheds  are  influenced 
to  some  extent  by  the  degree  and  amount  of  dissection  and  the  prevailing 
slopes.     A  broken  area  containing  steep  slopes  is  indicative  of  accelerated 
runoff  rates  and  greater  maximum  rates  of  floxv.     On  the  other  hand,  the 
presence  of  deep  narrow  canyons  within  a  watershed  located  to  the  windv;ard 
and  v/ith  a  southern  exposure  is  a  definite  asset  due  to  the  collection  of 
drifted  snowr  in  the  shaded  portions. 


The  Probability  of  Rain  on  Snov; — 

The  possibility  of  warm  rains  falling  on  snow  with  resultant  flooding  has 
remained  uppermost  in  tne  minds  of  residents  located  along  streams  origi- 
nating in  snow  storaP"e  araas-     Undoubtedly  in  tha  eastern,  central,  and 
extreme  western  portions  of  the  United  oltates  such  fear  is  well  grounded; 
however,  the  danger  is  materially  less  in  Region  6  due  to  several 
climatological  characteristics  of  the  area. 

Foremost  of  these  is  the  normal  preponderance  of  precipitation  as  it  oc- 
curs either  in  the  winter  or  summer  months  at  the  hi.^hir  elevation.  As 
has  been  outlined  heretofore,  the  months  of  ipril,  iiiay,  and  early  June 
are  normally  dry  as  compared  with  other  seasons  of  the  year  and,  although 
it  is  possible  that  within  a  given  year  heavy  rains  may  occur  during  this 
period,  the  likelihood  or  frequency  of  occurrence  is  definitely  minimized. 
If  this  is  coupled  with  the  necessity  of  having  a  heavy  snow  storage 
available  for  runoff  at  the  time  this  particular  rain  occurs,  the  frequ- 
ency becomes  even  less. 

Another     characteristic  of  the  Region  that  tends  to  minimi.?e  the  probabil- 
ity of  heavy  rains  falling  on  snow  cover  is  the  normal  incidence  of  snow 
cover  only  at  high  elevations  and  the  location  of  such  areas  with  respect 
to  major  movements  of  moist  and  comparatively  warm  air.     '■ihereas  the  east- 
ern, central,  and  extreme . western  portion  of  the  United  States  are  subject 
to  heavy  invasions  of  Tropical  Gulf  e-ni  Atlantic  air  masses     in  the  first 
two  cases  and  the  Folar  Pacific  masses  in  the  latter,  the  inland  mountain 
ranges  (Rockies,  V.asatch)  are  exposed  to  these  :r.-\sses  only  after  they  have 
been  cooled  and  considerable  moisture  '.las  been  removed.     .i.s  a  result  the 
precipitation  at  the  higher  elevations  where  snov;  normally  accumulates 
occurs  in  the  form  of  snow  rather  than  rainfall  due  to  the  prevailing  lov; 
temperatures  and  the  air  mass  characteristics.     Perhaps  the  most  likely 
area  within  the  Region  where  rain  on  snow  may  produce  the  maximum  dis- 
charge is  in  high  mountainous  areas  of  central  Arizona.     As  mentioned 
heretofore,  heaw  vinter  and  spring  rainstorms  do  occur  with  some  frequ- 
ency in  This  Region. 

Although  the  preponderance  of  precipitation  in  parts  of  western  Utah  oc- 
curs during  vrinter  and   spring  the  latitude,  elevation,  and  resulting  low 
temperatures  tend  to  minimize  the  probability  of  hea-vy  flood  flows  result- 
ing from  rain  on  snow. 

CONCLUSION 

The  preceding  discussion,  although  somev.hat  lengthy,  must  still  be  consid- 
ered as  a  vt-ry  brief  outline  of  climatological  and  hydrological  character- 
istics and  their  influencing  factors.     Virtually  any  one  of  the  major 
topics  considered  can  be  expanded  to  a  point  of  eqaal  or  much  greater 
length  than  the  entire  paper.     To  attempt  a  brief  explanation  of  phenomena 
has  been  by  far  the  most  difficult  task  involved. 

In  summation  it  is  thought  advisable  to  outline  the  purpose  of  the  discus- 
sion.    Taey  are  as  follov/s: 


1.  To  acquaint  the  technician  T.-ith  the  source  and  ncrm:^l  directional 
■movement  of  the  air  masses  that  influence  prec ipitationv 

2.  To  briefly  explain  the  causes,  characteristics,  and  effects  of  the 
major  storm  types. 

3.  To  show  the  influence  of  meteorological  characteristics  on  the 
rainfall  in  various  parts  of  the  Region.     In  this  connection  the 
discrepancies  in  data  outlined  in  U.  S.  D.  A.  Publication  No.  201;. 
are  brought  out. 

il.   To  focus  attention  on  the  fact  that  rainfall  characteristics  of 
the  high  mountain  areas  are  very  different  from  those  of  semi-arid 
and  arid  sections. 

5.  To  present  certain  thoughts  and  data  concerning  the  tsm.perature 
and  evaporation  characteristics  of  the  liegion. 

6.  To  outline  the  major  factors  involved  in  proper  runoff  determina- 
tion and  in  some  measure  to  acquaint  the  technician  with  the  com- 
plex itir  of  the  runoff  problem. 

7-   To  bring  out  the  characteristically  loiv  yields  of  ivater  from 
semi^arid  areas  and  the  proportionately  high  runoff  from  r/ater- 
sheds  at  higher  elevations. 

8.  To  call  attention  to  the  fact  that  although  amounts  of  runoff  are 
much  greater  the  unit  runoff  rates  are_  far  less  from  snov;  storage 
areas  thsin  from,  those  in  semi-arid  sections. 

It  should  be  clearly  understood  that  this  discussion  is  provisional  and  sub- 
ject to  revision  as  additional  information  is  collected.     Certain  parts  and 
particularly  those  concerning  rainfall  intensities  contain  hitherto  unpub- 
lished theories  and  supporting  data.     Technicians  are  invited  to  criticize 
any  section  of  the  paper  and  particularly  to  point  out  exceptions  to  the 
general  theory.     The  Regional  Engineering  staff  offers  its  assistance  to 
field  men  whenever  possible  and  as  much  as  possible  if  runoff  problems  are 
submitted  and  are  accompanied  by  adequate  data. 

Certain  reports  are  forthcoming  from  the  Research  Division  covering  data 
collected  during  the  last  six  to  eight  years  at  experimental  •p.fater sheds  in 
Colorado,  western  Texas,  Arizona,  and  Nev;  Mexico .     They  will  be  transm^itted 
to  the  field  as  further  guides  in  estimating  runoff.    L'ioamYhile  the  Engi- 
neering and  Research  Divisions  will  continue  to  collect  available . data  and 
study  the  runoff  problem  with  the  purpose  of  progressively  adding  to  and 
inproving  the  quality  of  information  now  on  hand.     In  this  connection  the 
field  technician  can  be  of  major  assistance  by  advising  the  Regional  office 
of  all  unusual  storms,  as  was  requested  in  Mr.  Boyle's  nemorandun  of  June  JiO, 
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TABLE  IV 


FROST  FRIE  PERI0D3 
REGION  6 

ARIZONA 


Station 


Length  of 
Record  . 

(Years)  Elevation 


Ave .  Date    Ave .  Date 
Last  Kill-  First  fLill- 
ing  Frost     ing  Frost 


Spring 


Ajo 

15 

1,770 

Feb.  5  . 

Dec . 

10 

310 

Ashf ork 

19 

5,160 

Iv^ay  10  . 

Oct. 

15 

158 

Benson 

50 

5,523 

Mar  .25  . 

Nov , 

9 

229 

Big  Springs 

9 

6,600 

June  13  . 

Sept  .28 

107 

Bisbee 

3h. 

5,U25 

Mar,2L|.  . 

Nov . 

23 

2li+ 

Chandler 

18 

1,213 

Mar. 21  . 

Nov. 

17 

2Ul 

Chinlee 

18 

6,090 

Ma:7  27  . 

Oct. 

7 

129 

Dou.'jlas 

27 

3,973 

Apr.  e  . 

Nov . 

7 

215 

Duncan 

6 

3,6U2 

May  13  . 

Oct. 

lu 

I5U 

Flagstaff 

57' 

6,907 

June  1  . 

S^pt  .28 

119 

Gila  Bend 

27 

757 

Feb. 12  . 

Dec . 

7 

^' 

29U 

Globe 

29 

5,^^0 

Mar .26  . 

Nov. 

17 

236 

Holbrook 

U2 

5,069 

May    1:-  . 

Oct. 

16 

165 

Jerome 

5U. 

5,250 

Mar. 29  . 

Nov, 

22 

258 

Eayenta 

16 

5,800 

May    2  . 

Oct. 

13 

161+ 

K earns  Canyon 

19' 

6,600 

May  19  , 

Sept 

.29 

135 

Kingman 

29, 

3,326 

Apr. 13  . 

Nov . 

9 

210 

Lees  Ferry 

lU. 

3,iU^ 

Mar .23  , 

Nov. 

7 

229 

Leupp 

10 

U,i50 

May    6  . 

Oct. 

18 

165 

Mohawk 

16 

539 

Jan. 26  . 

Dec , 

11 

319 

Mt.  Trumbull 

7 

5,000 

Apr .22  , 

Oct. 

10 

171 

Natural  Bridge 

25 

U,990 

Apr. 17  , 

Nov, 

7 

201j. 

Nogales 

21+ 

3,839 

Apr.  3  • 

Nov , 

11 

222 

Patagonia 

8 

U,0l4l+ 

Apr. 15 

Oct, 

21+ 

192 

Phoenix 

56  . 

1,108 

Feb .  10  . 

Dec, 

3 

296 

P  int  0 

■  .15  . 

5,660 

May  23  . 

Oct. 

12 

11x2 

Prescott 

52 

5,389 

May  18  . 

Oct. 

8 

11+5 

Quartz  site 

16 

871 

•   Mar. 13  , 

Nov. 

22 

251+ 

Salome 

22 

1,775 

Mar  ,114. 

Nov . 

20 

251 

San  Simon 

I9 

3,609 

Apr.  8 

Nov , 

7 

215 

Signal 

111 

1,652 

Mar. 12 

Nov . 

22 

255 

Springervil le 

19 

6,8b2 

May  27 

Oct. 

1 

127 

Thatcher 

26  . 

.  2,300. 

Apr. 11  . 

Oct. 

51 

203 

Truxton 

16 

•  3,997. 

Apr,2l4.  , 

Nov. 

6 

196 

Tuba  City 

52 

1:,500. 

Apr .23  , 

Oct. 

19 

179 

Tuc  s  on 

ho 

2,U23. 

Mar. 17 

Nov. 

20 

21^8 

Yuma 

55 

lUi. 

Jan.  2 

Dec . 

25 

357 

Fall 


Ave .Length 

Grov;ing 

Season 

(Days) 


COLOPJiDO 


Bxirlington 

17 

U,250 

May  6 

Oct.  7 

15U 

Castle  Rock 

25 

6,220 

May  15 

Sept .23 

151 

Cheyenne  Wells 

27 

l+,250 

May  5 

Oct,  6 

15U 

Collbran 

29 

6,200 

May  21; 

Sept ,27 

126 

Colorado  Springs 

27 

6,098 

May  8 

Oct.  1 

1I+6 

Pap-e  2  Table  IV 


T.enfth  of 

Ave . 

Date 

Ave .  Date 

Avft .  Tie'np'"hli 

XX  V  ^  #       XJ>-'i-Xp.  \Ji.i, 

"P  p  (->  O  V» 

Last 

Kill- 

First 

Kill- 

Stat ion 

( Year R  ^ 

Elevation    ing  Prcst 

inc  F2 

'OSt 

3  e  3  s  oTi 

Spr: 

ing 

Fall 

"npi  MoTtp 

Q 

y 

7,868 

May 

i  X^  Jf 

25 

Sept . 

25 

121 

Denver 

25 

5,292 

May 

15 

Sept . 

23 

1^1 

Delta 

14,965 

May 

10 

Sept  c 

29 

lli2 

D  o  1 OT  e  s 

1^) 

6,710 

May 

22 

Sept , 

28 

12Q 

Durango 

6,550 

May 

25 

Sept , 

18 

116 

Fort  Collins 

28 

5,003 

May 

8 

Sept , 

27 

1Ll2  - 

Fort  Morgan 

25 

U,32i 

May 

10 

Sept . 

30 

lli3 

Fruit a 

28 

a,  525 

May 

7 

Oct* 

6 

152 

■Glenwood  Spring 

^s  26 

5,825 

May  . 

•25 

Sept  e 

22 

120 

Grand  Junction 

39 

14,668 

Apr  • 

16 

Oct, 

19 

186 

Grove r 

12 

5,076 

May 

27 

Sept , 

17 

113 

GunTii  s  on 

37 

7,670 

June 

2L 

Aug. 

31 

68 

TTavden 

12 

6,337 

J\jne 

lU 

Sept , 

12 

QO 

Tiollv 

J_  J.J,' 

20 

3,385 

Apr. 

28 

Oct. 

9 

I6U 

HolvoVe 

lU 

3,7li5 

May 

11 

Sept , 

26 

138 

Tp'nac  i  o 

17 

6,881+ 

Jime 

7 

Sept , 

19 

10l|. 

Lamar 

27 

3,615 

Apr , 

25 

Oct. 

10 

168 

Las  Animas 

30 

3,982 

Apr . 

J. 

30 

Oct, 

6 

159 

Limon 

15 

5,360 

Hay 

15 

Oct. 

2 

lIiO 

Montrose 

38 

5,830 

May 

8 

Oct. 

3 

1I+8 

Monument 

12 

7,200 

May 

28 

Sept . 

18 

113 

Palisade  s 

17 

U,7l4-C 

Apr . 

27 

Oct. 

15 

171 

X,                       _U  W 

3l± 

l4.,808 

Apr . 

27 

Oct. 

9 

165 

Panfe Iv 

12 

5.050 

May 

26 

Sept . 

18 

115 

Poclcv  Ford 

29 

h.  111 

Apr. 

29 

Oct, 

7 

161 

^0 

7,800 

May 

28 

Sept . 

2I1 

HQ 

r5  "1  1  H  Pi 

O     X  X  t^cx 

2^ 

7,050 

May 

28 

Sept . 

17 

112 

Spioer 

10 

8,300 

June 

28 

Aug. 

30 

63 

Sterling 

13 

3 .939 

May 

9 

Sept . 

30 

ll4i+ 

Trinidad 

18 

6,300 

May 

6 

Oct. 

11+ 

161 

Two  Butte s 

28 

1+,100 

May 

2 

Oct. 

15 

161+ 

Westclif f e 

2S 

7,860 

June 

10 

Sept , 

13 

95 

Wrsiy 

■2ii 

3,512 

May 

5 

Oct, 

152 

NEW  IvGXICO 

College 

39 

3,863 

Apr, 

8 

Oct. 

26 

201 

ATTf^umj  Rrn  1]  R 

3li 

5,196 

Apr , 

13 

Oct . 

2o 

196 

Alamop'or  do 

30 

ii.250 

Apr  . 

7 

Nov  . 

Ix 

211 

Arte s 5  a 

2^ 
'—J 

3,350 

Apr  . 

8 

Oct, 

29 

20l± 

BOSLZ 

22 

U,15U 

Apr. 

22 

Oct. 

22 

185 

1  6 

6,3li8 

May 

7 

Oct. 

10 

1S6 

Charna 

28 

7,851 

June 

Sept , 

21 

109 

Cimarron 

27 

6,1427 

May 

8 

Oct . 

8 

153 

Clayton 

25 

5,051+ 

Apr . 

2U 

Oct. 

18 

177 

Cloudcrof t 

27 

8,650 

May 

12 

Oct. 

0 

li+7 

Clovis 

18 

U,262 

Apr. 

16 

Oct. 

28 

195 

Crownpoint 

lU 

6,800 

May 

6 

Oct, 

16 

163 

Length  .of 
Record 


Station 

(Years) 

Elevati 

Elephant  Butte 

Dam 

-T  1 

3h 

U,265 

Espanola 

30 

5,590 

Estancia 

20 

6,100 

Fort  Sumner 

21 

U,028 

Fort  Wingate 

lU 

6,997 

Garfield 

21+ 

u,Uoo 

Hobbs 

16 

5,600 

Hope 

15 

U,ooo 

L&.giina 

16 

5,8i40 

Las  Vegas 

5a 

6,Uoo 

Lordsburg 

21  , 

U,2U5 

Luna  Ranger  3ta 

.  2k. 

7,300 

Magdalena 

22 

6,556 

Mills 

18  . 

6,090 

Mosquero 

5,550 

Mountainair 

21 

6,i-:.7!? 

Portales 

20 

k,  ooU 

Quemado 

6 

6,600 

Raton 

3U 

6,660 

Regina 

Ik 

l>kb^ 

Ro swell 

37 

3,60c^ 

Santa  Fe 

r- / 

7,015 

Santa  Rosa 

26 

U.621, 

Silver  City 

lu 

5,957 

Soc  orro 

3U 

U,6oo 

Springer 

5U 

5,857 

Taos 

32 

6,985 

Tucumcari 

26 

U,200 

UTAH 


Bluff 

12 

U,200 

Castledale 

51 

5,500 

Cedar  City 

2k 

5,805 

Duchesne 

25 

5,520 

Escalante 

2k 

5,700 

Fillmore 

38 

5,250 

Government  Creek 

50 

5,277 

Greenriver 

27 

U,087 

Hank svi lie 

19 

i4,200 

Keber 

38 

5,559 

Huntsville 

16 

5,100 

Kanab 

20 

U,925 

Laketoivn 

30 

5,983 

Loa 

2k 

7,000 
k,  507 

Logan 

35 

Midvale 

19 

U,565 

Fage  3  Table 
Ave ,  Date    Ave .  Date      Ave .  Length 
Last  Kill-  First  Kill-  Growing 
ing  Frost    ing  Frost  Season 
Spring  Fall  (Days) 


Apr. 

1 

JTov, 

8 

Apr. 

29 

Oct. 

10 

lei). 

May 

lU 

Oct. 

6 

II45 

Apr. 

15 

Oct . 

2k 

19i+ 

May 

8 

Oct, 

2 

1U7 

Apr . 

11 

Oct. 

22 

19U 

Apr. 

11 

Nov. 

5 

206 

Apr . 

8 

KOVg 

1 

207 

Apr . 

27 

Oct. 

lU 

170 

May 

6 

Oct. 

7 

I5U 

Mar. 

21 

Hov« 

c; 

229 

June 

12 

Sept. 

20 

100 

Ifey 

2 

Oct . 

15 

166 

Apr  • 

28 

Oct . 

169 

..'.pr . 

25 

Oct, 

2t) 

to/ 

186 

Mav 

8 

Oct. 

9 

15U 

Ajir  0 

17 

Oct . 

20 

loo 

June 

9 

Sept , 

2k 

107 

May 

8 

Oct. 

2 

li+7 

May 

50 

Sept . 

25 

116 

Apr. 

11 

Oct. 

28 

200 

Apr . 

2k 

Oct, 

19 

178 

Apr. 

11 

Oct . 

do 

Apr. 

26 

Oct , 

25 

IdO 

Apr  . 

9 

Oct. 

21 

195 

May 

9 

Oct  0 

1 

k 

II48 

May 

11 

Oct . 

5 

I45 

Apr  • 

18 

Oct. 

26 

191 

Apr. 

15 

Oct . 

1  1 — 

15 

183 

May 

50 

Sept . 

21 

llU 

May 

15 

Oct , 

1 

k 

T  1  1 
^kk 

June 

1 

Sept . 

15 

106 

May 

19 

Sept. 

27 

151 

May 

18 

Sept . 

27 

152 

May 

50 

Sept . 

^5 

llo 

May 

5 

Oct. 

6 

156 

May 

9 

Oct. 

2 

11+6 

June 

15 

Sept. 

16 

85 

Jime 

8 

Sept . 

11 

95 

May 

19 

Oct. 

8 

lli2 

June 

15 

Sept . 

8 

85 

June 

17 

Sept . 

6 

61 

May 

12 

Oct. 

9 

150 

May 

25 

Sept . 

2k 

12U 

Page  ii  T^bl8  IV 


Length  of 

Record 

Station 

(Years) 

Mi If or d 

22 

Moab 

Modena 

30  ■ 

Monticello 

18 

Morgan 

22  ■ 

Ivlt.  Pleasant 

12 

IJephi 

18  ' 

panguitch 

,  20 

Price 

17 

Richfield 

28  ■ 

Salt  Lake  City 

56 

Sto  George 

36' 

Snowville 

29 

Tooele 

3U 

Tremonton 

16 

Tropic 

21 

Vernal 

30  ■ 

Ave. 

Date 

Ave .  Date 

ft  T 

Ave ,  Leng 

Last 

Kill- 

First 

Kill- 

Growing 

ing  Frost 

ing  Frost 

Season 

EleTation 

Spring 

Fa 

11 

(Da^rs) 

i;,962 

May 

Sept. 

18 

121 

U,  000 

Apr . 

OCT 

Oct. 

8 

166 

5,U6o 

May 

ci 

Sept  e 

29 

131 

7,000 

Mav 

c 

25 

Oct. 

1 

129 

5,068 

dime 

10 

Sept  g 

7 

89 

5,900 

May 

lo 

Sep'3 

27 

132 

5,119  ■ 

May 

23 

Sept  0 

30 

130 

6,700 

June 

20 

Sept  0 

8 

80 

5,500 

May 

Sept  0 

28 

128 

5,300 

May 

25 

Sept  e 

18 

116 

U,26o 

Apr. 

18 

Oct, 

19 

181+ 

2,880 

Apr. 

15 

Oct. 

18 

186 

U,550 

June 

16 

Sept . 

10  " 

86 

U,  820 

May 

12 

Oct, 

12 

153 

1^,322 

May 

15- 

Oct, 

6 

iLi, 

6,296 

J^jine 

h 

Sept  c 

lu 

102 

5,335 

May 

26 

Sept . 

21 

118 
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TjIBIE  VI 


Maxivaum  Ot served  and  Estimated  Floods 
■   •    ■  Region  6 

Period    '!"vatershed  Maximum 

of  r  .  •    Area  Discharge  C.F.S. 

ate r shed  Location  Record  .    Sq.  Mi.        C . F . o .        Sq.  Mi 


J.lder  Creek 

At 

Mouth 

3-3 

13200 

2I49I 

i-out  Greek 

u 

11 

17 

221;  60 

'  1283 

'.alley  V.-ash 

Kr. 

Thatcher 

8.7 

10000 

1153 

'killings ley  'vVash 

it 

It 

3  . 

3.ii 

3390 

971 

Exp.  Watershed  -//2 

Nr. 

Pima 

6  . 

1.1  . 

1000 

909 

Pot  Creek 

At 

Mouth 

5.5 

14280 

778 

Bear  Creek 

I) 

n 

160 

110000 

689 

Pinal  Creek 

Nr. 

Globe 

30 

13200 

I4I4O 

31g  Spring  i"ash 

At 

Mouth 

3 

16 

5500 

3Uo 

Squaiv  Creek 

u 

n 

37 

12200 

327 

Devil  Canon 

ti 

« 

5.4 

1670 

309 

J.  Fork  Dutch 

Blue  Greek 

At 

Alma  Trail 

6.0 

1623 

270 

Lone  Star  V.'ash 

At 

Mouth 

3 

Ih 

3200 

222 

Peterson  Vash 

n 

tt 

3 

26 

14600 

179 

Cave  Creek 

Nr . 

Phoenix 

200 

25000 

125 

Sabina  Creek 

Nr. 

Tucson- 

11 

35 

1^,100 

117 

oonoita  Creek 

Nr. 

, Patagonia 

12 

210 

20000 

95 

'  alnut  Cenon 

Kr. 

Flagstaff 

128 

IOI496 

82 

Canon  Diablo 

Nr. 

Leupp 

L1I4608 

82 

Clear  Greek 

Nr. 

17  in  slow 

13 

607 

50000 

82 

Granite  Creek 

Nr. 

Prescott 

11 

39 

2900 

Queen  Creek 

Nr. 

Florence 

191 

13200 

^ 

San  Pedro 

x^t 

Charleston 

7 

1I480 

98000 

66 

Canon  Padre 

Nr. 

Diablo  June. 

130 

10800 

60 

Sagle  Creek 

At 

Mouth 

639 

36000 

56 

Tonto  Creek 

Nr . 

Roosevelt 

676 

32000 

Ul 

Bright  iingel  Creek 

Nr. 

Grand  Canon  ' 

13 

100 

I|i400 

hh 

Rillito  Creek 

Nr. 

Tucson 

31 

903 

28000 

31 

Santa  Cruz  River 

Nr . 

Nogales 

12 

51^2 

12000 

22 

San  Simon  Creek 

Nr. 

Solomonsville 

2280 

27500 

12 

San  Simon  Creek 

Nr. 

Tucson 

37 

2190 

15000 

7 

j.'oencopi  ""^ash 

Nr . 

Tuba  City 

16 

2270 

114100 

6 

COLORADO 


Skyrocket  Creek 

Nr. 

Our  ay                  ■   • ■ 

1.0 

2000 

2000 

Cameron  Arroyo 

Nr . 

Pueblo 

7.3 

13900 

1900 

Missouri  Canon 

Nr. 

Masonville' 

2.I4 

I4368 

1320 

Hogans  Gulch 

Nr. 

Sden      '  ■ 

6.1 

9638 

1530 

Shubarth  Ranch 

Nr. 

Littleton 

.69 

950 

1377 

Blue  Ribbon  Creek 

Nr. 

Pueblo              ■   •  ■ 

6.7 

9112 

1360 

Magpie  Gulch 

Nr . 

Golden " 

1.5  . 

1905 

1270 

South  Arroyo 

Nr. 

Pueblo 

1.8 

1908 

1060 
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X  C  I  j-CJU 

■  a.  bcp sneu 

iVicAxxmuni 

Ox 

Discharge 

0  .r  . 

VJaT;er  sned 

Locat :'  on 

K3  cor  Q 

0  C£  .    iVi  X  . 

P    XT'  ^ 

ijQ  .    JiiX  . 

Rock  Orsek 

x^I  • 

AC  UJXO 

53867 

913 

lempieTon  u-ap 

iMr . 

Colo.  Springs 

{ '  1 

At  0  n 

Q  AO 

oo2 

uranaua  ureeK 

NT  , 

Granada 

1  ,n 

J  xUUU 

'7 '"7!™ 

775 

ivi  1 Q Q  xe   -D  1 J  Ou 

i^r  • 

i cor  xd 

151 

/  -!-4<^3 

AO  7 

Norijh  j.uToyo 

]\Tr 

T-'  n  o  1^  T  ni 

r  uw  u  X  u 

1  A 
10 

5u5o 

cl9 

Boggs  Creek 

i\Tii 

i ue  D  XO 

0 

15132 

u  QO 

x^ecKiS  VjTGQk. 

I» 

\\ 

X), 

1 0!  nO 
i94U<:i 

cAp 

Middle  Bijou 

Nr. 

y.'ilson  Greek 

/ 14^^  3 

4/3 

•Dry  Creek 

Nr. 

Pueblo 

ClA 

00 

llr . 

Fueblo 

pp 

C-C. 

c;7pp 

P  i  ,X 
^49 

nusn  ury«i.c 

w 

11 

1      ^  /  T— 

400:7 

'  P7R 

li 

u 

QnP )  1 

1  RR 
xoo 

L/oai  ureei?: 

11 

w 

PP 

3  ^^4 

ijignx-iviiie  oreeK 

Tt 

\\ 

±UUx(J 

194 

o  x .  o  na  r  ±e  s  jx  i  vo  r 

H 

n 

)  ,RP 

f  XOXO 

149 

noi  sc  orsGK 

^Vocve  Holly 

Xp5 

ppm  n 

clC-U  xu 

1  l,P 

o«  r  orK  ixd  pu  u  ±  xcciii 

Fr 

i)X  ■ 

Ne-'.'ffton  • 

AAq 

RPQC  A 

Id.  14 

Chandler  Greek 

Pueblo 

1^ 

1  A/^[r 
icOp 

llo 

rreu  JAonr  uuxcn. 

tl 

it 

Q  Z 

0  A"? 
90f 

1  aI  , 
IU4 

x^rkansas  (Florence 

11 

0 o  r u e oi 0 j 

w 

9Uu 

Q  A 

tl 

It 

pc; 

^  RQ^ 

77 
1  1 

Moron  ore-obone 

Nr. 

Cre  stone 

7 

ii 

loo 

Ao 

o.  £iouxaer  eeji 

Nr. 

Eldorado  Springs  148 

11], 
114 

Ac 

05 

xur  go.Tj  oxre 

Nr. 

Trinidad 

214 

7)  ,p 

I  ,c;P  Ap 

At 
ox 

isear  ureeic 

Nr. 

Morrison 

52 

T  Ap 
X05 

Q  Ann 
ocuu 

CP 

La  r±at;a 

Nr. 

Hesperus 

26 

/ 

looU 

c  n 
51 

Xieroux  ureei-c 

Nr. 

Cedaredge 

6 

Pft 

IjpxU 

),R 
40 

uear  oreeK! 

Nr. 

Mor  r  ison 

XOU 

OOL|.U 

),R 
40 

Rio  Grande 

Nr . 

Gr3cde 

J>h 

1  A:? 

7500 

).A 
40 

Finos  Creek 

Nr. 

Del  Ilorte 

12 

53 

0 )  r\ 
ciL\{jO 

1  c 
45 

Mineral  Creek 

Nr. 

Silver ton 

7 

',). 

X  /UU 

39 

Turkey  Creek 

Nr. 

Pagosa  Springs 

6 

P  Ar\ 
OCO 

77 
3  / 

iinimas  River 

Nr. 

Durango 

hi 

'  Aoo 

zA 
30 

Foun"tain  Creek 

Nr. 

Fountain 

1 

ii 

At  A 
0/0 

ildXUU 

JJ 

Plateau  Creek 

Nr. 

Colbran 

21 

00 

7P 

irjiima  s  R  ive  r 

Nr. 

Howardsville 

6 

Pi , 
^4 

Acta 

7  A 

3u 

Hannah  Creek 

Nr. 

■"'h  itewater 

2i| 

55 

T  Ax  A 

7A 

rraser  xtxver 

Nr. 

I'sinter  Park 

33 

PR 

R?n 

Roaring  Fork 

Nr. 

^.spen 

20 

T  no 
xUy 

5I/O 

PQ 

Meadov/  oroek 

Nr. 

Tabernash 

7 

/  •  c 

£:U4 

PQ 

San  Francisco  Creek 

Nr. 

Del  Norte 

7 

13 

7  A), 
304 

PR 

N.  Fork  Ranch  Creek 

Nr. 

Fraser 

0 

1,  1, 
4.4 

IP). 
i-4 

PR 

Ti  fl"       J                         1  _ 

Meadow  Creek 

Nr . 

Tabernash 

6 

1  QT 

PR 

T'illiams  River 

Below  Steelman 

Creek 

10 

16 

27 

San  Juan  River 

Nr, 

Pagosa  Springs 

6 

1100 

27 

Rio  Blanco 

Nr. 

Pagosa  springs 

8 

58 

ll;90 

26 

.  Mane  OS  River 

Nr. 

Mane  OS 

5 

i|2 

1030 

26 
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Period 

Vater  shed 

Maximum 

of 

Area 

Discharge 

C.F.S. 

Vat or shed 

Location 

A3  cor  e. 

S''>  ...  i. 

C.F.S. 

3q.  A] 

3. Fork  Ranch  Creek 

Nr.  Frazer 

6 

2.5 

59 

23 

.'d'apahoe  Greek 

At  Mpnarch  Lake 

7 

59 

1330 

23 

Laramie  River 

Nr.  Glendevy 

32 

101 

22140 

22 

Ranch  Creek 

Nr.  F'razar 

5 

3.3 

85 

22 

East  River 

Nr  .  Aim  on  t 

2i 

295 

6500 

22 

Cherry  Greek 

Nr.  Red  Mesa 

ih 

66 

ll;80 

22 

Little  Navajo  River 

Nr.  Chromo 

8 

22 

399 

18 

Ten-Mile  Creek 

Nr.  Dillon 

21 

113 

2010 

18 

Ranch  Creek 

Nr.  Frazer 

9 

20 

299 

15 

VasQuez  Creek 

Nr.  I'  inter  Park 

11 

26 

396 

li4 

ill iams  Fork 

Nr.  Par  shall 

29 

I3I4 

2570 

II4 

I.Iichigan  River 

Nr.  Lindland 

10 

e^ 

663 

11 

Kerber  Creek 

In  San  Luis  Valley  10 

38 

1407 

11 

Trinchera  Creek 

Nr.  Ft.  Garland 

10 

U3 

I473 

11 

Roaring  Fork 

Nr.  Talden 

19 

Qh 

790 

9 

Blue  River 

Nr .  Di 1 1  on 

32 

129 

1180 

9 

Colorado  River 

Nr.  Glanv'ood  Springs  li^ 

I4560 

30100 

7 

Grape  Creek 

Nr.     est  cliff 

16 

3^46 

i960 

6 

Little  Grizzly- 

Nr.  Hebran 

11 

96 

592 

6 

Feck  Creek 

Nr.  Monte  Vista 

13  ■. 

3h 

161 

5 

.rizzly  Creek 

Nr.  I'alden 

.  17 

r- 2 

I3U0 

5 

ri'.  Platte  River 

U  11 

18  ' 

l63 

I9I1O 

Goose  Creek 

At  Lake  Che  e  sman 

17  ■ 

06 

315 

I 

U 

Taryall  Creek 

At  Lake  George 

20  ■ 

1460 

6Ii3 

1. 

NE? 

MEXICO 

.rroyo  (Unnamed) 

Nr.  Indiole 

8.9 

*9801 

1101 

Tom  Moore  Creek 

Trib.  to  Gila 

1.3 

loUo 

820 

i'-  r  r  oy  0  ( Unname  d ) 

Nr.  Santa  Fe 

3.2 

1920 

600 

Santa  Teresa  Arroyo 

Nr.  Natch 

28 

12000  . 

I429 

Picacho  ^vrroyo 

Dona  iAia  County 

9.6 

14000 

I4I6 

Canut illo 

3.7 

1500 

[405 

Rio  Galisteo 

Nr.  Domingo 

689 

2I4177 

351 

i'jigostura  i'a"rovo 

Dona  j'i.na  County 

8.9 

3000 

537 

Trujillo  -'.rroyo 

^it  .^rrey 

50 

15000 

300 

Acoma'  Arroyo 

Nr.  Acoma 

3ii 

10000 

29I4 

Las  Cruces  Arroyo 

Dona  Ana  'bounty 

11; 

I4000 

286 

Dark  Canon 

At  Mouth 

l|it2  ' 

100000 

226 

Arroyo  Seco 

Dona  ^^na  County 

18 

I4000 

222 

Dona  Ana  Arroyo 

Dona  Ana  County 

7-2 

1500 

210 

iinthony  Arroyo 

Nr.  Anthony 

5.8 

1000 

173 

Mora  River 

Nr.  Mora 

150 

21000 

lilO 

Cameron  Creek 

Nr.  Hurley 

Uh 

59i40 

135 

Gallina  s 

Nr.  Las  Vegas 

90 

11610 

129 

Percha  Creek 

Nr.  Hillsboro 

.  122 

15000 

123 

* Note  J  Then  the 

period  of  record  is 

not  shown  maximum 

d  ischarges 

are 

for  the  most  part  estimates  and  should  be  considered  as  such. 
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Pe  riod 

Tater  shed 

Max  iTnum 

-1.1^ ^ w  J-XiX^^XiX 

... 

of 

_^jc  ea 

Di  s  char  cQ 

X^  X-  V— '        X  X'—A  X 

C .F. S. 

Watershed 

Log at  ion 

Re  cord 

S  q .  Mi. 

C .F.S. 

Sq.Mi. 

A 1  nnif)  d  n  ^-ir  r  0 vo 

Nr.   T,as  Ci^uoes 

17 

2000 

lis 

C  h  ■]  f».  n  P  i  n  n  C  o  g  Ic 

Nr .  R" t nn 

^vx     •            L         *J  \^XX 

6100 

9S 
y  J 

Ivlorci  Rivsr 

Kr.  Wober 

y^- 

Colloee  Arrovo 

Dona  Ana  County 

23 

2000 

87 

Penasco  River 

Nr.  Hope 

896 

75000 

8I1 

Alamogordo  Creek 

Nr.  Guadalupe 

337 

2/48OO 

7I4 

Bermuda  Creek 

At  Rosv.'ell 

516 

o7700 

7^ 

Pona  Blanca 

Nr .  Vado 

28 

2000 

72 

Santa  Fe  Creek 

Nr .  Santa  Fe 

X V  X     •         k-/  ^  -XX                   X  ^— ' 

11 

60 

Las  Moras  OrftG]-^ 

A"b   R 0  pii '^gT  1 

4.x  U       XI.      vj  l '.  0  JL  -V 

166 

8860 

w  wow 

S^ 

Rio  Felix 

Nr.  HaererTiian 

^ — 

ji68Lo 

SO 

Rio  Tulcirosci 

Kr •  TulQrosa 

200 

ii8 

T 1  p  T  V  n    R 1 ,1  ''1  r*  p 

UL|. 

1,7 

»T    T"  n  1  <^  n    ;\      niT"  o 

<J       ^  01.  X  0  CA     J.ix  X   KJ  Y  \J 

Q7 

X  \Jxl.  X  J-    0  i  0  0  Iv 

Nr.  Cimmaron 

10 

XJJU 

I'S 

P'p  ir  -1  r*  r\    H  T  P  P  V 

Nr.  Clayton 

5  " 

nil 

XXi^ 

"1  0    Ri:i  n  f]  n  s  n 

Mr.  Hondo 

12 

^07 

I2;i0n 

liO 

Pecos  RivGr 

Nr.  onton  Chico 

12 

1050 

I4O300 

38 

Sr.pG  llo 

Nr.  Los  ^ilamos 

221 

8177 

37 

Rio  Borii"bo 

Nr.  Hondo 

12 

306 

11000 

36 

Do  T  a""rP  v  p   R  i  irp  f 

Nr.  Red  Bluff 

i 

^Ji;~no  ■ 

•  S6 

Rir  :inndo 

■X  w  bJL  w       X  J-  ^>  X  X  ^X  \^ 

Nr.  Diamond      Ranch  6 

26500 

28 

Rio  Hond n 

ii.t  Riverside 

896 

2z.jQ00 ' 

28 

3a;'ta  Cruz 

At  Cundio 

25 

2610 

27 

R  "1  n  Mpd  1  n 

XL  J_           XVXVj  VX  J-  W 

111 

yy  J 

26 

R  n  T  "i"  1  "h  n 

At  Saragosa 

25 

612 

ISSOO 

2S 

Nr.  Parkviei?.' 

19  . 

21 

^  X 

Tv  T  n   Pp  1  T  "y 

Nr.  Hagerman 

3 

21 

i—  X 

Nr.   Taylor  Springs 

2 

27iin 

^7J  lOn 

111 

•'■'4 

T  ,n  P 1  n  -h  n 

N.M. ,  Colo,  Line 

22 

^^1 

111 

n  nvo'h  G  C  T*  p  filr 

\-i  y  \J  -J  V       ^X^v_y  x\. 

Nr.  Golondrinas 

■  12 

250 

3020 

12 

M  "1  mT^  y  p  <^    R  "1  ^rp  t* 

IVi  XIUU  X  *^  0      XLX  V  'w'  X 

Nr.  Mimbres 

12 

18^ 

2060 

11 

5-1 0  v^p  1  1  n    R  "1  "vrp 

At  Sa;|.3llo 

70 

76Q 

11 

Nr  .  C  ov'le  s 

33 

IRS 
xu;p 

1  Ron 

10 

xw 

An  "1  TTi  n  s  R  "1  vp  t 

->•  ^XX  X-iiil''^  0      XL  JU  V  0  X 

Nr .  Fa  rmingt  on 

38 

1360 

12600 

9.1i 

Rio  Colorado 

Nr .  Que  s  ta 

26 

112 

886 

7.9 

0  "1  0  n  p  1  "i  G  rrhQ 

Nr.  La  Madera 

10 

298O 

6.7 

Rio  Fuerco 

Nr.  Rio  Puerco 

17 

5160  • 

28300 

5.5 

Rio  Taos 

Nr.  Los  Cordovas 

31 

359 

I83O 

5.1 

Embudo  Creek 

Nr.  Dixon 

12 

305 

II4OO 

14.6 

Rio  Hondo 

Nr.  Valdez 

12 

3hl 

iirroyo  Hondo 

Nr.  Hondo 

32 

611+ 

2510 

Rio  Fernando  de  Taos 

Nr.  Taos 

17 

a, 

2i;6 

3.6 

E.  Fork  Ocate 

At  Ocate 

lU 

35 

111 

3.2 

Page  5,  Table  VI 


r  iod 

'.'a  tor  shod 

Maximum 

of 

C  .  F  S  - 

^   o  ^  /n  V*  oV^  lO  iH 

.  c .  u  (J  r  sn  u  Q 

xjU  O 

u  X  UXX  X\.'s^ 

Pi  y  H 
O  O  X  U 

O  -j  •     i.i  J.  . 

r.  F  s 

0  ^-^  •     Xil  X 

Tit 

■-aX  i 

u  n  1  Hj.    u  s  n 

Mr 

X\  X  • 

iXU.X  X  XO'--*'XXd 

X  •  X 

Nr. 

Fq  rrriinp'ton 

7 

^'SO 

.      X  X  J-Jt-^ 

Xn  X  • 

pr  nv  n 

X  J.    1^  V 

2 

700 

^t^O 
;j^u 

Oil  ing  Ij  Uli  .LJCAi^.tJ 

il 

n 

V  •  'A 

1  OPO 

^00 
uu 

Nr . 

npd^r  nitv 

^yi^'tUoLX  wxuy 

92 

2910 

^,2 

X^I  J.  % 

o*-*  X  u    xji-xi\.o     o  X  u  y 

28 

6Q2 

2R 

Nr. 

Xv  X  • 

Or- VI  p"\/' 

16^ 

pc; 

"1  ^      v»  /~\  /%  iy  c 

Nr 

^'XiX  UoX  UOivo 

12 

Xw 

X 

Pii 

Ti»  1         -"1  o  v>  ^ 

Nr 

XMX  • 

Xxt  .XXXXv..  1 1 

X  X 

Jy 

RRR 

P^ 

'-0 

•   v  or  K  vir^.  Hi 

Xv  X  • 

i>px  lligU -A  xO 

1  f, 

X  CJ 

/  uuu 

?  1 

C-  X 

Mr 

V  b  X  Xic;  X 

XU  X 

Pn 

^-  u 

XMjL  « 

rT  P  1  np  r 

XX  ^3  X  l-'^?  X 

1  nonn 

19 

i .  X  • 

P  P  VI  "hr  Q  1 
L/    XX  u  X  «  X 

2? 

1  7 

xEj     l_/U  U  liUxlWUUU. 

Nv 

Xii  X  o 

0'-*i  X  u   xjg  „t5    vyx  uy 

1  R 

■'-y 

1 3 

09  J 

1  7 

i-OOCt^'      V^X  C/t^ x^ 

Nr . 

96 

16^2 

17 

y  O  U  UUxlVl  UUU     "^x  COJV 

Nr 

X\J  I  • 

(iy  PvicPtr"  1  1p 

WX  d  ■'■■''pj  ^  V  J.  X  Xt5 

26 

Pod 

lii 

i\Ir  - 

X'i  1  • 

V  Xj.  XXX 

2^ 

1  ^RDD 

lii 

-—u'—x  IGtixi    X  UI  x\. 

Mr 

XM  i  • 

■*i-i.UCJ     XOd.XX    X  vJX  Ji. 

R'^.R 

1  ^ 

iXUXXU  Xii&,lj  UXi    ^-'x  OOJi. 

Nr . 

X*.  X  • 

Hiin'h'inT'h  on 

XX  LiXX  U  XXX^  Vj  V^ii 

27 

188 

1^1 

nenry  s  r  otk 

T\i  v» 
1\1  • 

xjy  xixiwc  ou 

■1-4 

0, 

1  ^ 

—saver 

Mr 
X\X  • 

uc;  a  V  U  X 

1  ORO 

1  ^ 

C       p  _„T_    r)c  Hon 

o  »    r  OiK  w^Qyxi 

Mr 

XJ  X  • 

rti";vi4"c:*tr-i  1  To 

XX  u.xi  ij  o  V  X  -L  X  t; 

1  liR 

1 7Rn 

X  /  uu 

IP 

X  — 

j-aKS   r  or 

ATr  . 

Ti,/!"-!  ryyy 

ivxV  Ij  UXx 

27 

12 

X  C— 

1 

XjOgaxl 

X  J  i  • 

1  /^rr  Q  VI 
XjUgo.Xi 

P  IR 
c  xu 

P  ^QR 

X  X 

Nr 

'jyH  T  "hp  yr^r*t"Q 
'"XXxUCX  Uv^ii-O 

X  XvJ 

1  100 

X  X  WW 

10 

X  w 

Til  "n't"  Q V> 
^  XiX  ij  iAi i 

li 

Pi  R 

C-  XvJ 

P 1  RO 
£—  xuu 

1  n 

X  u 

T     (T  n 

T  ^  (T"  Q  VI 

i_0^  axx 

PlR 
xo 

Prion 

Q 
7 

V/.'C      V_>  Xi 

Nr  . 

0"dfin 

v-^^\-l  w  XX 

^6n 

q 
7 

Sfilt  Greek 

Nr. 

N'-^nhi 

J-  J      IJ  i  X  X 

11 

X  X 

9J1 

800 

8 

wXoV  L/XCGJi. 

1^1  r 

X  J  X  • 

Salt  La  kp   CA  t  v 

-'-3' 

19 

1  1 

ft 

Huhbl  p  C'^eplc 

■^-k  LA  k_/  V./                \^  ^  u  -(-V. 

Nr  . 

fc-' l-y  X    xxip,   V  X.  ^  \> 

120 

8ii0 

7 

Blaf'k  'Fork 

Nr. 

H^rr  ^  im 

j-xj'  X  IXtlX 

256 

2002 

7 

TTt     4"  o  Vi     R  "1  TTio  y 

uxULfCtxi  nxvyi 

±\  1  . 

r  ij  •     l^UOlxt;  oxltJ 

672 

)  ic;nP 

7 
( 

ixi  . 

X     U  X(jXXa 

pc;nn 
c:3;)UU 

7 
1 

X^X»-A01i.0UiXljXX  Xljili- 

Nr 

Hi,'"  rnm 
xxy  X  mxXi. 

22 

2  f^n 

1 6Pn 

X  u 

X  X  OVO 

Air 

xrx  OVO 

6)  ,n 

1 1 1  no 

0 

XTtAXXUy     o  OXOwxv 

¥r 

C?  p  "1  -h  In 

O  c.  X  U     Xjci  ivU 

^o  1 

^U  X 

u 

K^n  "1  (T  y  O  "1"  T      VI      P  Y*  It- 

XjillxtX  lx  Ij  xL-XX       X  oOiS. 

tt 

ft  tt 

PQ 

1  7/1 
-1-  /  4 

0 

XVJ.  XXX  OXOOJ^. 

11 

P 1 

C-  X 

IPR 
x^—  0 

X  X  U  V  u 

Nr 

X\  X  * 

fT  o  y 

r  OX  ivo 

2Ji 

KJKJKJ 

^  1  Rn 

[)  xou 

c; 

y 

*y  X     i  1  i  W  1 ISJL      X    w  X  JX 

Nr . 

X\  X  t 

T  h  "1  c;  "h  1  P 

1  ^7 

c 

3.  Fork  Prove 

Nr. 

Vivian  Park 

30 

30 

123 

h 

Beaver 

Nr. 

Adam svi lie 

22 

272 

989 

u 

Spanish  Fork 

Nr . 

Thist  le 

18 

i+90 

1250 

3 

E.  Oanon  Creek 

Nr. 

Morgan 

11 

3 

Eoaver 

Nr. 

Miner sville 

22 

512 

737 

1 

TABLE  VII 

AVERAGE  . Ji-^U.-L  RUJOJ'F 
REGION  6   


Feriod  -'at jr shed  Runoff    .icre  ft. 


of 

— rea 

Th.  of 

per 

Vator  shed 

Location  Runoff 

S  q .  Mi. 

l^CVG  ft. 

So.  M 

Ar  iz  ona 

Tab i no  Greek 

Nr. 

Tuc  son 

37 

35 

1] 

309 

Bright  i-.np:el  Creek 

In 

Grand  Canyon 

19 

100 

30 

298 

Tonto  Creek 

-it 

R  n  o  s  e  v(3 1 1 

'  813 

102  . 

125 

San  Carlos  River 

i'ir  • 

Peridot 

13 

10i40 

hi 

U5 

Nr . 

Char lo  st on 

25 

12S0 

Jii 

'4-'- 

^iravaipa  Greek 

Nr  . 

Feldman 

18 

535 

19 

35 

Santa  Cruz  River 

:.t 

Nog ale  s 

29 

322 

18 

3I4 

Sonoita  Creek 

Nr . 

Pa-jagonia 

10 

'  210 

5.8 

28 

Eillito  Creek 

Nr . 

T'uc3cn 

33 

903 

18 

20 

Faria  River 

Nr . 

Lees  Ferry 

19 

1570 

26 

17 

Santa  Cruz  River 

rlr  . 

Tucson 

36 

2170 

16 

'•  8 

hitewater  Draw 

Nr. 

Douglas 

10 

1023 

7.0 

7 

Moencopi  ''ash 

Nr . 

Tuba  City 

16 

21|90 

17 

7 

San  Simon  Greek 

Nr. 

S.9J1  Simon 

21 

803 

3-9 

5 

■  ■  , 

Colorado 

.Y'illow  Creek 

Nr. 

Ryans  Kanch 

12 

5 

7.8 

1560 

Unccmpahgre  River 

Nr. 

Ouray 

19 

Uk 

65 

11479 

Cascade  Creek 

Nr. 

He  sperus 

2li 

27 

38 

1I422 

Elk  River 

Nr  . 

Clark 

29  ■ 

206 

268 

1300 

■San  Juan 

At 

Fagosa  Springs 

9 

298 

356 

1200 

Navajo  River 

Nr. 

Edith 

23 

165 

139 

1187 

Minas  River 

Nr. 

Tacoma- 

20 

1:37 

510 

1169 

Frazer  River 

Nr. 

1'est  Portal 

26 

28 

30 

1079 

Roaring  Fork 

Nr . 

^spen 

28 

109 

115 

1053 

La  Flata  River 

Nr . 

Hesperus 

21 

37 

36 

968 

Hanson  Creek 

Nr. 

Lake  City 

20 

82 

77 

9i43 

Colorado  River 

Nr. 

Grand  Lake 

.3ii 

101 

93 

919 

Plateau  Creek 

At 

Gollbran 

18 

88 

/  0 

863 

Navajo  River 

Nr. 

Edith 

26 

165 

138 

81+0 

Leroux  Creek 

Nr . 

Lazear 

9 

52 

143 

831 

Soda  Creek 

Nr. 

Steamboat  Springs 

10 

hi 

314 

73a 

Blue  River 

Nr. 

Dillon 

28 

129 

89 

663 

Eagle  River 

Nr. 

Red  Cliff 

15 

Ih 

h9 

665 

Yilliams  Fork  River 

Nr . 

Parshall 

15 

18li 

121 

657 

Finos  Greek 

Nr. 

Del  Norte 

6 

53 

3ii 

6143 

Yam  pa 

Nr. 

Steamboat  Springs 

35 

60I4 

358 

592 

Snake  River 

Nr . 

Dillon 

23 

92 

52 

570 
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Period 

I'^.'atershed 

Runoff 

Acre  ft. 

of 

Area 

Th.  of 

per 

"""atershed 

Location 

Record 

Sq.  Mi. 

licre  ft. 

Sq.  Mi. 

Kannah  Creek 

Nr.  V.hite-vvater 

21 

55 

29 

525 

Surface  Creek 

Nr.  Cedaredge 

21 

U5 

22 

512 

. r inchera  Creek 

Nr.  .Ft.  Garland 

13 

16 

17 

377 

J  arba  Cree-k 

Nr.  Villa  Grave 

5 

38 

Ih 

376 

S'Ti  Miguel  River 

Nr.  Naturita 

22 

1060 

286  . 

 266 

Lig"'i"brier  Greek 

Nr.   Durano'o  ■ 

1^ 

66 

17 

26j_L 

Dsar  Creek 

Nr.  Korriscn 

12 

170 

ho 

23I4 

"I'^'onkpri  Crppk 

At  Mouth 

-  k 

7Q 

■'■'-¥4 

3ft  Hand  Creek 

At  Mouth 

9 

Ih 

8.7 

117 

-imDas  Creek 

iit  Gatlin  Siphon 

5 

i|66 

I42 

90 

'.  ild  Horse  Creek 

Nr.  Holly 

13 

225 

5.9 

26 

- 

Nev<;  Mexico 

- 

iio  Medio 

Above  Cund  io 

13 

20 

16 

815 

..io  Chama 

Nr.  Park  View 

25 

ii05 

287 

708 

:io  Frijoles 

Cund  i  o 

13 

13 

8.2 

631 

:ed  River 

Ab  0 ve  Que  st  a 

25 

112 

18 

U28 

Pecos  River 

Nr .  Pe  cos 

11 

169 

80 

I425 

3.  Fork  of  Gallinas 

River 

Nr.  Porvenir 

8 

25 

10 

1^19 

Santa  Fe  Creek 

Above  Santa  Fe 

13. 

22 

6.6 

391 

"""liitevater  Creek 

Nr.  Mogollcn 

11 

3U 

13 

372 

'scpello  Kiver 

At  Sapello 

13 

70 

19 

273 

jix-Mile  Creek 

Nr.  Eagle  Nest 

10 

-  8.2 

1-9 

232 

-jinbudo  Creek 

Nr.  Dixon 

18 

305 

00 

216 

"-allinas  River 

Nr.  Montezuma 

.  3I4 

67 

16 

185 

--.io  Taos 

Nr.  Los  Cordovas 

30 

359 

kh 

12I4 

Rio  Fernando  de  Taos 

Nr.  Taos 

16 

614 

2.0 

109 

Pecos 

lit  -^nton  Chico 

11 

1050 

lU 

108 

Ponil  Creek 

Nr.  Cimarron 

13 

130 

10 

79 

xiio  Ruidoso 

iit  Hondo 

11 

307 

18 

59 

G-ila  River 

lit  Gila 

111 

167c 

106 

57 

Mimbres  River 

Id,  I.limbres 

18 

183  ■ 

9.6 

52 

Vermijo  River 

xxt  Day; son 

31 

250 

13 

51 

Lamplight  Draw 

Nr.  Santa  Rita 

10 

37 

1.3 

35 

San  Francisco  River 

n.t  Glenwood 

13. 

1660 

3h 

33 

Gcate  Creek 

At  Ocata 

700 

21 

30 

:-ilio  Felix 

Nr.  Hagerman 

1000 

23 

23 

Black  River 

Nr.  Malaga 

350 

12.6 

Conchas  River 

lit  ■  Var  iadero 

1100 

hi 

3.7 

Pintada  Creek 

x^t  Mouth 

550 

I'h 

1.3 

^ 
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pjr  iod 

"■  torshed 

Runoff 

..ere  fi 

of 

a 

th.  of 

per 

^".'atcrshed 

Location 

^■tocord 

Sq.  ivii , 

^icre  ft. 

Sq.  M: 

Utah 

I'^ebor  Rivor 

Nr . 

Oakley 

16 

163 

191+ 

1188 

Uintah''  River 

'hiterocks 

9 

165 

176 

1063 

Duchesne  River 

Nr . 

Hannah 

IJ 

39 

37 

956 

o.  Pork  Provo  River 

■T- 

Forks 

o 
O 

30 

2i4 

812 

■..hiterocks  River 

Nr . 

■'"hiterocks 

18 

115 

88 

768 

Mill  Creok 

Nr . 

Salt  Lake  City 

21 

13 

61U 

City  Creek 

II 

It        II  11 

11 

19 

12 

6014 

Tabiona  River 

Nr. 

Duche  sne 

23 

552 

lL;8 

1421 

Ferron  Creek 

Nr. 

Fer.cn 

13 

II4O 

59 

1420 

Summit  Creek 

Nr. 

Santaquin 

6 

27 

11 

^40  3 

Cottonivood  Creek 

Nr . 

orangeviiio 

26 

200 

78 

388 

Huntington  Creek 

Nr . 

li  U.li  u  uUXi 

27 

TOO 

188 

72 

3814 

Hobble  Oreek 

Nr . 

Spr  ingville 

10 

120 

371 

Diamond  Creek 

Nr . 

Thistle 

Q 
O 

^57 

58 

~7  '~t  r\ 

3/0 

Blacksmith  Fork 

Nr. 

Hyrum 

26n 

op 

N,  Fork  Virgin  River  ITr 

.  Springdale 

16 

336 

78 

233 

Price  Rivor 

-.t 

?Iolpcr 

21 

S30 

116 

220 

Virgin  River 

At 

Virgin 

23 

93i+ 

162 

17i4 

Red  Creek 

Nr. 

Fruit  land 

89 

13 

151 

Spanish  Fork 

x.t 

Thistle 

9 

u90 

72 

li+a 

Emigration  Creek 

Nr . 

oalt  Lake  City 

5 

29 

2.I1 

81 

'principal  SOlIRCi;S  OF  IIYDROLOGIC  A!:D  CLIiaTIC  DATA  ' 

IN  pj]aioii  6 

The  accompanying  list  of  puLlications  and  reports  has  been  coinpiled 
to  acquaint  the  technician  with  available  material  concerning  certain 
phases  of  the  hydrology  of  Region  6.     It  is  not  offered  as  a  complete 
hydrologic  bibliography  as  no  attempt  has  been  :aad(S  to  include  publi- 
'cations  concerning  such  subjects  as  infiltration,  sedimentation,  etc, 
nor  has  consideration  been  given  to  papers  or  rerorts  the.  purpose  of 
which  ivas  to  discuss  individual  phenomena  or  isolated  occurrences.  On 
the  contrary,  an  effort  has  been  made  to  confine  the  list  to  publica- 
tions the  sole  purpose  of  v/hich  are  to  present  useful  in:^ormation  con- 
cerning climatology  and   stream  flow  7 ith  reference  only  to  the  Region 
as  a  whole,  individual  states,  or  certain  vmtersheds. 

The  list  has  been  separated  into  three  parts:     Climatology,  Stream 
Flow,  and  Snow  Surveys,     In  each  case  publications  we'r-e  listed  in  the 
order  of  the  nature  and  extent  of  indi^ridual  coverage  rather  than 
alphabetically.     For  example,  the  Weather  Bureau  publications  contain 
the  bulk  of  all  meteorological  data  now  availsble,  v/hile  the  other 
publications  concerning  precipitation,   etc,  contain  for  the  most  part 
summaries  and  conclusions  dravm  from  this  source. 

With  fev/  exceptions,  all  of  the  material  listed  is  avrdleble  on  loan 
in  the  Departmental  Library  at  Albuquerque,  New  Mexico,  If  publica- 
tions are  needed  and  are  not  on  hand  in  the  Library,  an  attempt  will 

"be  made  to  secure  them. 

Climatology 

Climatolo'glcal  Data,    U.  S.  Department  of  Commerce,  Weather  Bureau 

Compiled  at  Phoenix,  Arizona;  Denver,  Colorado;  Albuquerque,  New  Mex- 
ico; and  Salt  Lake  City,  Utah,    Published  monthly.     Contains  daily 
precipitation,  temperature,  humidity,"  evaporation,  arii  wind  movement; 
statewide  average  of  temperat\;ire  and  precipitation  for  the  month  and 
for  same  month  during  other  years  of  record;  also  miscellaneous  data 
such  as  com.parisons  of  total  precipitation  and  mean  temperature  with 
the  nomial,  the  number  of  days  clear,  cloudy,  etc, 

Climatological  Data.    U,  3.  Department  of  Commerce,  Weather  Bureau 

Compiled  at  locations  given  above.    Published  annually.    Data  similar 
to  that  in  monthly  summary  but  no  daily  values  included  except  in 
terms  of  annual  means  or  totals.     Contains  date  of  first  and  last 
killing  frost  at  selected  stations. 

Climatic  Summa'ry  bf  the  United  States',     U,  S.  Department  of  Commerce, 
Weather  Bureau  '  ' 

States  subdivided  as  follov/s:     Northern  and  Southern  Arizona;  ITestem, 
Northeastern, and  Southeastern  Colorado;  Northwestern,  Northeastern, 
and  Southern  New  Mexico;  Eastern  and  Yfestern  Utah.     Normally  published 


each  decade.     Last  issue  covers  period  of  record  through  1930  only, 
as  national  emergency  stopped  compilation  of    19^0  summary.  Contains 
the  following  material:    Description  of  general  topographic  features, 
precipitation,  and  temperature  of  each  .section;  monthly  mp.xima,  m,inima, 
and  mean  temperatures,  date  of  first    and  last  killing  frost  from  be- 
ginning of  record  where  data  are  available;  greatest  precipitation  re- 
corded during  5j   10 j  15  30  minutes  and  during  1,  2^  and  2)4  hours, 
also  periods  of  most  excessive  precipitation  since  beginning  of  record, 
vfhere  data  are  available;  mi  seel  lane  cos  data  such  as  average  v/ind  velo- 
city, humidity,  percentage  of  sunshine,  number  of  days  clear,  cloudy,  • 
etc.,  where  available. 

Hydrologic  Bulletins.    U.  S.  Department  of  Commerce,  Weather  Bureau 


Compiled  by  regions  as  follows:     For  Colorado,  at  Kansas  City;,  Mis- 
souri; for  New  Mexico^  at  Fort  '"^orth,  Texas;  for  Arizona  and  Utah,  at 
San  Francisco,  California,    Bulletins  set  up  on  watershed  basis.  Pub- 
lished monthlyo     Contain  daily  and- hourly  precipitation  from  stations  ■ 
equipped  with  recording  rain  gages  and  only  daily  from  others,  l\let- 
■■rorks  contain  the  majorit;,^  of  recording  gages  now  in  operation  but 
record  dates  only  from  l^h^O, 

Climate  and  Man »     U^,  S,  ^Department  of  Agriculture  Yearbook.  Government 
Printing  Office,  Washington,  D.  C,  19l;l. 

Contsdns  the  folloviring  data  from  selected  stations:  Average  m.onthly 
and  annual  precipitation,  average  date  of  first  and  last  killing  frost; 
January  and  July  average  temperatures;  maximum  and  minimjim  temperatures 
recorded  during  period  of  record;  and  avers.ge  length  of  grovring  season. 
Included  also  are  descriptions  of  physiographic  characteristics  of  each 
State  and  a  discussion  of  average  temperatures,  humidity,  etc. 

Climate     and  Accoleratod  Erosion  in  the  Arid  and  Semi-arid  Southwest, 
with  Special  Reference  to  the  Polacca  ITash  Drainage  B.asiri,  Arizona, 
C.  W,  Thornthv/aite  and  others.     U,  S,  Department  of  Agriculture,  Tech- 
nical Bulletin  ITo .  808.     I942.  .       "  .  ■ 

Data  primarily  concern  the  States  of  Nev;  Mexico  and  Arizona  and  include 
the  following:    A  description  of  moist  air  mass  sources  and  movements 
with  respect  to  their  influence  on  precipitation  and  temperatures  char- 
acteristic of  the  Southv/est;  meteorological  analyses  of  selected  stcrms 
with  a  discussion  as  to  the  origin  and  movement  of  contributing  air 
masses;  variations  in  monthly  and  annual  precipitation  and  frequencies 
of  rainfall  intensities  at  selected  stations;  and  general  climatic  pat- 
terns typical  of  the  two  States.     Considerable  other  miscellaneous  data 
are  also  included,  ,  • 

Rainfall  Intensity-Frequency  Data,    David  L.  Yarnell.    U,  S.  Department 
of  Agriculture,  Miscellaneous  Publication- Ko,  201+,  1935* 

A  scarcity  of  recording  rain  gage  records  in  the  Southwest  and  Rocky 
Mountain  Region  has  made  the  determination  of  normal  rainfall  intensity- 
frequency  very  difficult.    With  the    meager  data  available,  hovrever, 
Yarnell  has  prepared  mags  showing  the  depth  of  rainfall  to  be  expected 


in  various  localities  during  periods  ranging  from  5  minutes  to  2I4.  hours 
for  frequencies  of  2, -5, -10,  2^,  '}0  and  100  years.    In  addition  are 
tables  containing  the  most  intense  rninstorns  end  maximum  rates  of  pre- 
cipitation recorded  at  each  station  together  with  other  miscellaneous 
data. 

Characteristics  of  Heavy  R?.infall  in  Fe\v  Mexico  and  Arizona. 

Luna  ti,  Loopoid.    American  tiociety  of  Civil  Eng iii JerTJ  Vol,  69,  No.  2, 

February,  19U3. 

A  summary  of  2i4.-hour  rainfall  to  be  expected  once  in  10,  20,  50,  and 
100  years  at  a  large  number  of  stations  in  No'*v  Mexico  and  Arizona, 
Totals  arc  separated  into  quantities  during  the  summer  months  and  all 
year.    Actual  records  of  many  heavj''  rains  have  been  plotted  and  a  charac- 
teristic rainfall  curve  "laid  in."     The  paper  presents  an  excellent 
discussion  of  probable  2i].-hour  catches  in  various  zones  v/ithin  the  tvyo 
States  and  graphs  shoiTing  the  frequencies  by  months  for  each  zone. 
Other  subjects  such  as  the  aerial  extent  of  h";a-vy  rainfall,  air  mass 
movement,  etc.,  are  also  clscussed. 

'Atlas  of  Climatic  ±irpjs  in  the  United  States.     C,  VJ.  Thornthv^aite . 
Uo  S.  Department  of  Agriculture,  Miscellaneous  Pnblicaticn  No.  I4.21. 

l9Uc  -  ^  . 

Contains  a  series  of  maps  showing  prevailing  climatic  conditions  in 
the  United  States  during  each  year  for  the  period  1900-1939»  Data 
are  based  on  Thornthwaite ' s  climatic  classifications.     In  addition  are 
maps  of  frequencies  of  certain  climatic  conditions  as  they  can  be  ex- 
pected to  occur. 

Maps  of  Seasonal  Precipitation,  Percentage  of  Normal  by  St-^+es.    U.  S. 
Department  of  Comr.aerce,  Weather  ^bureau  Publication  No.  13b3j   ^9h-  • 

Winter,  spring,  summer,  and  fall  variations  from,  normal  are  s^^ovm  for 
each  year  of  the  period  1886-1938 •    Also  included  are  tables  shomng 
the  ten  wettest  and  driest  years  on  record. 

The  Climate  of  Arizona.    E.  V.  Smith.     University  of  Arizona  Experiment 
Station,  Tucson,  Arizona.    Bulletin  No.  I30.  1930* 

A  complete  description  of  normal  precipitation,  temperatures,  evapora- 
tion, etc.,  in  the  State, 

The  Climate  of  Colorado.    Robert  E.  Tri-nble,     Colorado  Agriculture 
Experiment  Station,  Ft.  Collins,  Colorado.    Bulletin  No.  I30,  19.28, 

Contains  descriptive  matter  pertaining  to  the  precipitation,  temperature 
and  other  climatic  characteristics  of  the  State.    Data  concerning  the 
climate  a-t  Ft,  Collins  are  very  complete,  yet  other  specific  information 
is  limited  to  precipitation  data  at  selected  stations. 


"iTater  Resources  of  Colorado,"  A])pendix  1,  Vol.  1,  Clinatological  Data 
of  Colorado.     Colorado  State  Planning  Board ^  Denver^   Colorado"   Jujie  1939 • 


Contains  records  of  annual  precipitation  from  all  "leather  Bureau  rain 
gages  within  the  State  since  the  date  of  their  e stablishiaent  .     In  addi-^ 
tion,  a  wealth  of  other  inf orination  is  given,  such  as  :    maximiim.  2i_|.-hour 
rainfall  during  period  of  record;   snow  depths  o.t  various  locations 
each' year  on  March  1  and  -^^pril  1;  its  water  content  and  conips-ri sons  vrith 
the  normal;   complete  evaporation  data  frora  Colorado  stations  and  those 
in  siarrounding  States;  maximum  discharges  during  period  of  record  for 
certain  ■  streams  *■  in  Colorado  and  l^ew  Mexico;  and  maps  and  graphs  showing 
the  quantity  and  distribution  of  precipitation,  the  topography  of 
Colorado,  etc. 

Precipitation  arid  Evaporation  in  New  Mexico.    Erie  L.  Hardy  and  others, 
New  Mexico  College  of  Agriculture  &  Mecnanic  Arts,  Experiment  Station, 
State  College,  New  Mexico.    Bulletin  No,  269,  1931. 

Contains  average  monthly,  seasonal,  and  annual  precipitation  of  all 
Weather  Bureau  stations  in  Nevr  Mexico  and  gre.phs  of  precipitation  shov^- 
ing  totals  by  years' for  selected  stations.     Complete  data  from  all 
evaporation  stations  are  also  included.    Periods  covered  by  the  records 
are,  however,  for  the  most  part  rather  short. 

The.  Climate  of  Utah,    Frank  L,  "Jest  and  N,  E.  Edlefsen,    Utah  Agricul- 
tural College  Experiment  Station,  Logan,  Utah,     Bulletin  No,  l66, 
March,  1919 . 

A  summary  of  characteristic  precipitation,  temperatures,  and  frost  data 
for  all  stations  then  existing  at  that  time  in  Utah,    Also  additional 
infoi^mation  such  as  monthly  precipitation,  incidence    of  summer  rains, 
etc,,' for  one  selected  station  in  each  county,  usually  the  county  seat. 

Stream  Flow  Data 


'Tater  Supply  Papers.    U,  S,  -department  of  Interior,  Geological  Survey. 
Published  arjiually. 

Compilation  of  records  taken  from  gaging  st:.tions  located  on  major  and 
minor  streams  throughout  the  United  States,    Data  include  total  daily 
discharges,  monthly  maximum,  minimum,  and  mean  discharge  in  second-feet 
and  total  annual  runoff  in  a.cre-feet.     In  addition,  the  msjcimum  and 
minimum  instantaneous  rates  of  runoff  during  the   period  of  record  are 
given.    Papers  concerning  runoff  are*  entitled  "Surface  "fater  Supply  of 
the  United  States"  and  are  compiled  annually  by  basins  or  portions  of 
basins.    Virtually  all  of  Region  6  is  included  in  five  papers,  the 
titles  and  pertinent  streams  of  v/hich  are  as  follows: 

Western  Gulf:    Rio  Grande,  Pecos  Rivers  and  tributaries, 
Colorado  River:     Colorado,  Green,  Salt,  Gila  Rivers  and  tribu- 
taries 

Great  Basin:    Weber,  Jordan,  Bear  Rivers  and  tributaries. 
Lower  Mississippi  River:    Arko.nsas,  Canadian,  Cimmaron  Rivers 

and  tributaries. 
Missouri  River:     South  Platte  River  and  tributaries. 


Publications  of  the  Geological  Survey.  U,  S.  Department  of  Interior, 
Geological  Survey,     July,  l^U'cd , 


An  index  of  many  Water  Supply  P;^pors  covering  special  investigation 
of  particular  basins.   Such  as  those  of  the  Green  and  Colorado  Rivers. 

Arizona  Stream  Flo'.v  Summary.     Colorado  River  Coiir.ission  of  Arizona, 
Phoenix',-  Arizona,  I9UO ,    •  •  , 

Although  the  report  v/as  not  prepared  priraarily  r.s  an  outline  of  dis- 
charge records,  the  data  contained  thor'iin  may  be  found  very  useful.' 
if  summarized  stream  flow  records  are  desired.     Total  runoff  in  terms 
of  acre-feet  per  square  mile  from  various  watersheds  is  given,  and 
probable  water  losses  are  discussed, 

"iVater  Resources  of  Colorado,"  -i^-ppcndix  ITo,  3j  Vols,  I  and  II,  Stream 
FloY/  Data  of  Colorado,     Colorado  State  Planning  Board,  Denver,  Colorado, 
June,  1959. 

Volume  I  contains  records  from  the  North  Platte,  '^outh  Platte,  ^Repub- 
lican, Arkansas,  and  P-io  Grande  River  Basins  and  their  trib^jttaries  in 
Colorado, 

VoliAme  II  contains  records  from  the  San  Juan,  Colorado,  and  Groen 
River  Basins  and  their  tributaries  in  Colorado. 

These  data  are  undoubtedly  the  most  extensive  yet  compiled.  Records 
taken  by  the  Geological  Survey  and  the  Colorado  State  Engineer  have 
been  combined  and  their  differences  reconciled.    Estimates  ^//ere  made 
in  lieu  of  actual  records  when  such  was  considered  justifiable. 

The  publico.t ions  contain  tables  of  monthly  and  total  annual -runoff  at 
each  gaging  station  from  the  beginning  of  record  through  19$8« 
addition,  "monthly  and  annual  quantities  are  compared  v/ith  the  mean. 
Watershed  areas  and  the  elevations  of  gaging  stations  are  also  included, 

"WatSr  Resources  of  Colorado,"  Appendix  No,  2,  Vol,  I,  Data  on  Stream 
Gaging  Stations  of  Colorado,    Colorado- State  Planning  Board,  Denver, 
Colorado.    May  1939 , 

Contains  e^icellent  tabulations  of  runoff  from  gaging  stations  in  the 
State.    Data  included  are:     average  maximiom  and  minimxam  2l(.-hour  dis- 
charge, mean  discharge,  annual  maximum,  minimum,   and  mean  discharge 
and  average  runoff  equivalent  in  inches  -over  the  v/atershcd.  Other 
tables  contain  the  locations  of  gaging  stations  by  description  and 
Section,  Tewnship,  and  Range;  elevation's  of  stations;  watershed  area 
above  each;  lengths  of  records  and  periods  covered. 

Progress  Report  of  the  Navajo  Soil  and  Water  Conservation  Experiment 
Station,  Mexican  Springs,  Ne'w  Mexico.     Soil  Conservation  Service. 
193^4-1939.  ' 

Contains  records  of  total  rainfall  and  runoff  and  maximum  rates  of 
rtiinfal  1  and  runoff  recorded  at  six  watersheds  ranging  in  size  from 


187  "to  ^6,080  acres.    Records  cover  the  period  1937-1939  •  Complete 
descriptions  of  each  Vv^ater she'd  a.re  included  in  tabular  form.  Also 
contained  in  the  report  a.re  rainfall-runoff  relationship  graphs  from 
selected  storms  and  very  complete  records  o.^  climatic  data  such  as 
temperatures,  evaporation,  humidity,  wind  movement,  etc.,  during  the 
period  195U-1939.' 

Davis  County,  Jordm  River  Drainage  Systems  in  Utah:     Great  Basin, 
5ear  River  Drainage  System;  The  Weber  River  Dj^ainage  System  in  Utah; 
Utah  Lake  Drainage  System.    Utah  State  Planning  Board^"~Salt  Lake  '^ity , 
Utah,  1937. 

Sumrraries  of  mean  annual  and  monthly  runoff  (total)  from  various 
watersheds.  '  Primarily  condensed 'U.  3.  Geological  Survey  data.  Each 
watershed  is  separated  into  proportion  of  area  by  elevation.  Certain 
temperature  and  precipitation  data  are  also  given. 

Biennial  Reports  of  the  State  Engineers;  Colorado  and  New  Mexico 

Colorado:     contains  daily  discharge  measurements  for  the  preceding 
two  (v/ater)  years  and  total  monthl;/  and  annual  maximum,  minimi^m,  a.nd 
mean  runoff.    Also  included  are  descriptions  of  each  gaging  station 
and  the  maximLxm  and  minimujn  instcintanecus  discharges  recorded  since 
cstablishiaent   of  the  station. 

ITew  Mexico:     contains  detailed  reports  on  hydrograuhic  surveys  that 
hive  been  carried  on  during  the  two-year  period.    Those  include 
average  precipitatd.  on,  temperatures,   runoff,  and  other  pertinent  data 
concerning  the  particular  vrater sheds . 

Irlater  Facilities  Area  Plans.    Bureau  of  Agricultural  Economics,  Tlash- 
ington,  D.  C. 

Some  25  plans  covering  v:atersheds  within  the  States  of  Arizona,  Colo- 
rado, Utah,  and  New  ^%xico  have  been  developed.     Each  contains  des- 
criptions of  the  physiographic  characteristics  and  data  concerning 
precipitation,  teimperaturus ,   runoff,  ctc«,  peculiar  to   a  given  a.rea , 
Y\ratersheds  or  port  ions  '  of  watersheds  covered'are  as  follows: 

Arizona:     Kirkland  Creek;  Northern  Sulphur  Springs  Valley;  Upper 

San  Pedro  Watershed;  Upper  "Virgin  River  (partialljr  in  Utah); 

Verde  River;  Vernon  Area,  Mineral  Creek;  Hiitewater  Draw. 

Colorado:     Gypsum  Creek;  Little  Dolores  River'  (partially  in  Utah); 

North  Fork  of  Cimmaron  River  (pai'tislly  in  Kansas);  North'Fork  6f 

Gunnison  River;  Republican  River  (partially  in  Kansas  and  Nebi'aska) ; 

Upper  Yampa, 

New  Mexico:    Alamosa  River,  -Rio  Cuchillo  Negro,  et  al;  Mora  River; 
Ocate  Creek;  Quay  Curry  Area;  Rio  Moquino;  Rio  Santa  Cruz ; 
Rita  Blanca  (partially  in  Texas);  Upper  Rio  Puerco  Watershed, 
Utah;     Sanpete  Area;  Nebo  Area. 


Flood  Control  Surveys.  U.  S,  Department  of  Agriculture,  Soil  Conser- 
vation  Service,  Albuquerque,  Nev/  Mexico b 


A  considerable  number  of  preliminary  reports  covering  various  v;-ater- 
shcds  within  Region  6  were  completed  during  the  latter  part  of  the 
"Thirties." 

Hydrologically,  the  average  survey  is  complete  inaofar  as  data  are 
available  and  offers  an  excellent  summation  of  normal  tomp eraturos, 
precipitation,  runoff,  etc.    Descriptions  of  ■"-vatershed  characteristics 
are  also  included. 

All  or  portions  of  the  following  basins  arc  covered: 

Arizona:     Queen  Creek;  Little  Colorado  River  (partially  in 
Hew  Mexico )  ;  Gila  -^"^ivor  (partially  in  Hew  Mexico);  Bill  V/illiams 
lliver;  Lcvvcr  Gila  River;  Virgin  River  (partially  in  Utah). 
Colorado:    Apishapa  Y/atershed;  South  Republican  River,  San  Luis 
Valley  of  Rio  Grande;  Cherry  Creek;  Fountain  River;  Huerfano, 
and  Cucharas  Rivers';  Purgatoire  River;  Smoky  Hill  River  (partially 
in  Kansas);  South  Platte  River  (partially/  in  Wyoming  and  Nebraska) 
New  Mexico:     C- nadio.n  River  abov..  Conchas  Dam;  Pecos  River;  Cim- 
maron  River;  Rio  Grande  Yifatershed  above  31  Paso,  Texas;  Rio  Puerco 
Yfetershed;  Truj.illo  Arroyo  I'J'atershed;  Santa  Cruz  Watershed. 
Utah:     The  Great  Salt  Lake  VJatershed. 

National  Resources  Planning  Board.    Washington,  D.  C. 


The  most  comprehensive  hydrologic  surveys  to  date  have  been  compiled  by 
the  Board  on  the  Upper  Gila  River  of  Arizona  end  Upper  Rio  Grande  and 
Pecos  Rivers  of  Now  Mexico  and  Colorado, 

Forest  and  Stream  Flov."-  Experiment  at  Wagon  Tfheol  Gap,  Colorado, 

C,  G.  Bates  and  A.  J.  Henry.    Monthly  ViTeather  Review  IJo.  91x6,  1928 . 

Contains  17-years  record  of  ten^erature ,  precipitation,  stream  flow, 
evaporation,  snov/fall,   etc,'  Data  are  from  tvro  adjacent  watersheds 
having  areas  of  200  and  2^25  acres.    Elevations  of  the  areas  range  from 
9,2i45  to  11,555  feet.  .  , 

Snov;  Surveys 

Snow  Surveys  and  Irrigation  WatGr  Forecasts.     U.  S.  Department  of  Agri- 
culture.  Soil  Conservation  Servico,  Divis ion  of  Irrigation  and  others. 
Fort  Collins,  Colorado. 

Four  bulletins  issued  monthly  from  February  to  May,  inclusive.  Basins 
covered  are  of  the  Arkansas,  Colorado,  Missouri,  and  Rio  Grande  Rivers 
and  their  tributaries. 

Data  include:     average  total  precipitation  over  basin  from  October  of 
preceding  year  to  date  of  survey;  precipitation  during  preceding  month; 
departures  from  the  average;  average  snow  depth  and  v;a.ter  content  on 
first  of  month  and  comparisons  with  the  preceding  year  and  the  normal. 
In  addition,  each  publication  contains  a  siammary  of  snovy  storage  condi- 
tions and  forecasts  of  probable  vfater  supply  during  the  irrigation 
season. 


Utah  Cooperative  Snow  Surveys  and  Water  Sup-oly  Forecasts.  George  D. 
Clyde,  Utah  Agricultural  Sxperinent  Station  and  ctiiors,  Logan,  Utah. 

Issued  each  year  on  March  1  and  i-pril  1»    Bulletins  contain:  forecasts 
of  April-September  and  July-September  r^'onoff  from  watersheds  covered 
by  sno-'j-  courses;  comparisons  of  conditions  during  a  particular  year 
v-rith  those  of  the  preceding  year  and  the  average;-  and  reservoir  stor- ■ 
age  as  of  the  date  of  issuance.    Also  included  are  recommendations 
as  to  the  usage  of  water  during  the  forthcoming  iri^igatlon  soason  and 
a  forecast  of  the  maximujn  discharges  to  be  expected. 

•  Monthly  Snowfall  and  Temperature  Bulletin,    U.  S,  VIeather  Bureau, 

Issued  m.onthly  from  December  1  to  April  1  at  Denver,  Grand  Junction, 
and  Pueblo,  Colorado;  Phoenix,  Arizona,  and  Albuquerque,  New  Mexico, 
Basins  covered  by  the  reports  are  of  the  follovfing  rivers:    Upper  North 
Platte,  South  -Platte,  Upper  Colorado,  Upper  Arkansas,  Purgatoire,  Laver 
Colorado,  Salt,  Gila,  Upper  Rio  Gre-ndo,  San  Juan,  Pecos,  end  Upper 
Cansidian,  : 

Data  are 'based  on  reports  f rom  Tfeather  Bureau  Stations  and  include  the 
follovfing:     snowfall  during  precedirLg  month  and  water  equivalent-;  cumu- 
lative snowfall  since  November  .-1  and  deptn  of  snow  on  grcu.nd  at  end 
of  preceding  month.     These  are .  in  terms  of  individual  stations,  ^'..Iso 
included  are  reservoir  storages  at  end  of  period  and  summaries  of  aver- 
age snow  depth  over. each  watershed  as  compared  vdth  the  normal. 

OTHER  BIBLIGGR..PHIES 

If  more  extensive  and  complete  lists  of  sources  of  the  broad  field  of 
hydrologic  data  are  desired,  they  can  be  found  in  the  fo  llovring  publi- 
cati  ens :   ■  .         .  ■  ■  " 

»  .  »  ♦ 

Principal  Sources  of  Hydroloric  Data,    National  Resources  Planning 
Board,  Washington,  D.  C,  Technical  Paper  No,  10.    Hay,  19U5* 

Publications  on  T/ater  Resources:     Their  Use  and  Development  in  the 
YiTestern  States.     Soil  Conservation  Service,  Division  of  information. 
May,  19U1, 

Bibliography  of  Hydrology,  United  States,    iimeric?.n  Geophysical  Union, 
Published  annually. 

Several  other  excellent  bibliographies  of  various  phases  of  hj'drology 
are  also  r'.vailable  and  are  listed  in  the  first  named  publication  above. 


A 


